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Abst ract; .
This study was an attempt at an initial assessment 
of problems arising from hydrocarbon contamination 
in the operations of an urban railway system. The 
assessment was focused on oil and grease materials 
and hence coal or other hydrocarbons were omitted. 
This study also included some subjective judgement 
of how these problems should be managed, in light 
of the writer's experience as a railway engineer 
and based on some simplified experiments. Although 
several dimensions of the problems were studied 
including engineering, management, legal, and staff 
training and development aspects, the main focus 
of this study was put on bioremediation. This study 
was a limited one, partly because of the time 
restrictions and partly because of the size of the 
overall system and funding, with the result that not 
all aspects could be investigated.
The studies carried out included study of relevant 
books, reports, papers and documents; interviews 
with SRA staff, site inspections and consultation 
with others who had relevant information; and 
repeated observations of railway areas at some 
distance from the problem areas, and bioremediation
X I V
experiments.
Based on these assessment exercises, it was 
confirmed that oil and grease contamination 
problems did exist in the CityRail system but these 
were generally minor. The observed problems 
included:-
(a) Transformer oils leakage and spills;
(b) Oil and grease leakage at point control systems 
and rail lubricators which were not contained 
completely for practical reasons;
(c) Motor oil leakage from old diesel train engines 
whose design did not provide the essential oil 
containment facilities;
(d) Minor oil dumping at a few isolated railway 
areas;
(e) Deep penetration of oils or greases into the 
ground at a few long standing oil contamination 
areas; and
(f) Poor house-keeping giving rise to oil spills.
The bioremediation experiments carried out included 
"no-actionM bioremediation on contaminated solids 
in the polluted ground which were left untouched; 
simple bioenhancement with in situ fertilizer
X V
additions to contaminated solids in the polluted 
ground; and accelerated bioenhancement with 
fertilizers only added in one case and with 
fertilizers and leachate added in another case to 
contaminated solids collected from polluted ground 
in sample bottles which were tilled frequently.
The oil and grease contamination identified was, in 
general, only slight to moderate. More severe 
problems were present at isolated areas and running 
lines where the "old trains" are running. Simple 
bioremediation solutions involving irrigation, pH 
control, fertilizer addition and leachate 
recirculation or addition showed the potential to 
reduce the level of contamination significantly 
These methods should be cost-effective with very 
little or no significant environmental impacts.
Therefore, it is recommended that:-
(a) simple bioremediation should be used for 
management of slight to medium oil and grease 
cont ami nat i on;
(b) wet combustion should be considered for quick 
and a large scale scavenging of severely 
contaminated areas;
XVI
(c) containment measures should be implemented for 
a quick arrest of the problems at source; and
(d) no-action remediation alternative may be 
adopted for very slightly contaminated areas 
until remediation work can be absorbed into 
other work programmes.
Engineering and management solutions would appear 
to be the most effective in the long term as they 
arrest the oil and grease contamination problems at 
source.
It was also established that many factors other 
than scientific and technical ones will affect the 
outcome of bioremediation or other remediation 
solutions and that railway transportation and 
transit are usually very environmentally friendly. 
Reviews of existing standards, manuals and 
specifications for CityRail rolling stock and 
railway facilities, and of local house-keeping and 
management procedures should be regularly carried 
out to check for weaknesses and solutions to 
overcome them. Finally, the EEMU (Environmental 
Engineering Management Unit) which is taking a lead 
in promoting the training of inhouse staff for
X V I 1
CCA**'**'
railway environmental protection should/\haveAone 
their foci in this area **hi rh ^hnnVd h** ""hhe 
addressing oil and grease contamination problems
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CHAPTER ONE
INTRODUCTION AND BACKGROUND OF THIS RESEARCH 
EXERCISE.
1.1 General.
Being sponsored by the State Rail Authority (SRA) 
of New South Wales (NSW), this project was 
undertaken as agreed with its local management. The 
main focus was an assessment and the management of 
environmental problems caused by hydrocarbon (HC) 
contamination in the operations of an urban railway 
system, the CityRail. This study included among 
other things, the bioremediation approaches (or 
biodegradation) of spills / excessive spread in the 
ground of fuel, lubricant, crude oil and other 
similar HCs which have been found to cause some 
contamination problems in the areas controlled by 
the SRA/NSW.
As will be highlighted later, the scope of work 
included in this study was very limited. The main 
reasons are that firstly, the availability of funds 
was very limited, as this study had to be scheduled 
as an unbudgetted item for the SRA local management 
involved and secondly, the whole study was carried
2
out by the author (may also be quoted as "the 
writer" or "the researcher" sometimes in this 
thesis) alone except for a few laboratory tests for 
oil and grease content that were carried out by the 
SRA Scientific Services Department at Redfern. This 
limited the investigation work involved.
1.2 Urban railway system.
Railway systems are often regarded as a more 
environmentally friendly transportation mode to 
serve the urban areas of major cities and the 
modernized railway systems have an important role 
in promoting Ecologically Sustainable Development 
in Australia (Andrew, 1992). This is principally 
because of the capacity to transport many more 
people between any two locations in the urban areas 
than can be handled by other means. Hence, there 
will be a great saving in terms of the energy 
consumption per passenger - kilometer or nett ton - 
kilometer of goods to be transported and hence a 
resultant great reduction in the marginal polluting 
effect created. The corresponding estimates in this 
respect are shown in below (Tables 1 and 2) where a 
brief comparison between road based transportation 
and rail based transportation produced by the
3
Table 1 : (from Laird, 1991):- 
Fuel Usage: Melbourne - Sydney.
Australian Bureau of Transport and Communications
Economics (BTÇE) in 1991 (Castles, 1990; Industrial
Commission, 1991; and Laird, 1991) is also included.
Rai 1 Road Rail Road
<- MJ/tonne -> <- Litres/tonne ->
BTE 626 991 16 26
ARTF 735 621 19 16
*
High energy
efficiency 438 870 11 22
Note: BTE - Bureau of Transport (and
Communications) Economics,
ARTF - Australian Road Transport Federation 
(1990).
* - Laird and Adorni-Braccesi, 199Z.
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Table 2: Estimated railway transportation costs:-
For NSW government railway system in 1987-1988 
(Castles, 1990). (millions = M)
Gross earnings = $ 1248.9 M 
Freight earnings = $ 767.82 M
* Therefore earnings from transportation of 
passengers is assumed to be = $ 481 M
* Train (passenger) - kilometer (carrying 
passengers at an assumed level of 200 nos. 
passengers per train) = 29.272 M + 10.298 M. 
Therefore, total passenger - kilometer carried
= 7914 M
* Total nett tonne - kilometer of goods carried 
= 14212 M
Based on these figures, it is estimated that 
the costs involved are:- 
$ 0.061 per passenger - kilometer 
$ 0.054 per tonne - kilometer
From Table 2, railway transportation is considered 
to be very cost-effective
The confinement of a railway to a linear strip of
5
land and the camouflage often provided by railway 
structures and plantations along the railway line 
also means that the visual impacts arising from a 
railway system should be less than those of a road 
network (see, e.g., Photo A18 included in Appendix 
1).
To further illustrate the environmental friendliness 
of a railway system in terms of energy consumption 
reduction and greenhouse gas reduction, a brief 
comparison between road based transportation and 
rail based transportation produced by Australian 
Bureau of Transport and Communications Economics 
(BTCE) in 1991 (Report of Industrial Commission, 
1991) is included in the following pages. Both road 
and rail systems, (or both energy consumption and 
greenhouse gas production) are major sources of 
environmental impacts.
1
Information from BTCE (1991), to show the energy 
efficiency (environmental friendliness) of railway 
usage in Australia. Figure 1.
- 6 -
Non-urban freight energy consumption, 1987-88
MJ/tonne-km
3 i j 
3 - 
Z5  ~  
2 - 
L5 -
0.5 --
Gort, bulk 
rail
0.1
Private bulk 
rail
Kan-bulk
rail
Rigid
road
irticulated
road
Source: BTCE (1991)
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7
Information from BTCE (1991), to show the energy
efficiency (environmental friendliness) of railway
usage in Australia (and also the debate). Figure 2.
8
Some additional information from Andrew (1992), to
show the environmental friendliness of railway usage 
in Australia is shown in Figure 3 and Table 3.
Figure 3.
Table 3  ETiergy used and cat t«»i dioxide aisaions per nett tonne kilcnetre by acnmodity - Victorian Rail 
System 1989-90. Ftar ccnparisicn, purposes articulated trucks on average aonsuoe 1.41 MJ/NIK, 
or 104 q/NTK 002 (BTCE, 1991) .
CCMCOITY NIK LITRES ENERGY^ ENERGY/ OCt ^
OF FUEL NETT T O W B  1« (q/NIK)
(H jaule) (Hjaule)/NTK
Export Grain 646 304 000 8 070 000 313 116 000 0.48 35.4
Local Grain 157 751 000 2 244 000 87 067 200 0.55 40.6
Rice 15 976 000 180 000 6 984 000 0.44 32.5
Bulk Fertilizer 39 567 000 674 000 26 151 200 0.66 48.7
Bulk Petroleum 117 354 000 2 419 000 93 857 200 0.80 59.0
Iron and Steel 319 948 000 4 921 000 190 934 800 0.60 44.2
Bulk Cement 93 333 000 1 489 000 57 773 200 0.62 45.8
Paper Products 89 319 000 2 012 000 78 065 600 0.87 64.2
Motor Vehicles 20 920 000 966 000 37 480 800 1.79 132.1
Gypsum 45 357 000 849 000 32 941 200 0.73 53.9
Containers NOS 424 133 000 5 124 000 198 811 200 0.47 34.7
Shipping Containers - Victorian 111 774 000 1 791 000 69 490 800 0.62 45.8
Shipping containers - Interstate 359 027 000 4 344 000 168 547 200 0.47 34.7
Minerals & Quarry 91 239 000 1 504 000 58 355 200 0.64 47.2
Solid Fuels 91 783 000 1 548 000 60 062 400 0.65 48.0
Fast Track LCL 35 258 000 740 ooo 28 712 000 0.81 59.8
Fast Track Wagonload 23 895 000 254 000 9 855 200 0.41 30.3
Notes
1. 1 1 diesel =» 38.8 M?. Transport 21 used 38.6
2. Por diesel, OOj arai ss lens per IO15 J are 73.8 x 103 Tomes, (BTCE Transport 21).
3. Carpare BTCE Transport 21 :—  -
—  Government rail bulk —  20 q/NIK :
- Government non bulk rail - 60 q/NIK
4. Source: Malic Transport Corporation (Victoria) 21 August 1991.
CO2 INTENSTVBNBSS ?na CARS AND SLECTSTr!
i RAIL IN MELBOURNE 
(g C02/passenger km)
1
CAR
(average
loading)
x s m
(car Comeng)
210
133 (off-peak 10% load)
15 (morning 100% ) 
/  peak loads m s «.
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A railway system has, however, several inherent 
impacts on the environment. These impacts include 
the disturbance of the pre-existing landscape of 
the areas where a railway line is located, the 
natural vegetation, and the pre-existing drainage 
system of these areas. The operations of a railway 
system will also create characteristic polluting 
elements. The pollution created includes noise, 
contamination arising from the use of lubricants, 
fuel and transformer oils, waste water and flue 
gases. Meanwhile, the electromagnetic field 
originated from the transmission lines serving the 
railway system, and the vibration created in the 
operating railway may also give rise to some 
potential health hazards. Hence, the SRA is 
undertaking environmental audits of all railway 
depots and workshops throughout NSW (State Rail 
Corporate Public Relations, 1993) to identify 
potential areas which may give rise to any offences 
under the existing or any foreseeable environmental 
legislation.
The conditions of the environment will also in turn 
affect the construction, maintenance and operations 
of the railway system giving rise to corrosion
10
problems, materials and equipment degradation and 
restrictions to the railway operations and safety 
problems. Hence, the conditions of the environment 
need to be monitored closely and regulated when 
required if these problems are to be contained 
properly.
It would be too ambitious to address all these 
problems in a single thesis. Hence, after a brief 
study of the "Environmental Management Plans (EMP)" 
and some discussions with the SRA Environmental 
Engineering Manager, it was decided that the scope 
of this research study should be as follows.
A study on the assessment and the management of 
problems arising from hydrocarbon contamination in 
the CityRail system would be the main theme. In 
addition to the identification of the existing and 
potential problems in this respect, a study of 
several feasible solutions would also be included.
In particular, bioremediation was considered to be a 
promising approach to solve or contain the problems 
and hence, would be studied in greater depth. 
Meanwhile, a search for some engineering solutions 
and management solutions would also be carried out
11
wherever the relevant information was available. 
Through this search, other viable solutions to 
these hydrocarbon contamination problems were to be 
explored in light of the personal experience of the 
researcher [with over 13 x/  ̂years experience as an 
engineer with the HKMTRC (Hong Kong Mass Transit 
Railway Corporation)] and of some SRA managerial 
staff.
The urban railway system studied in this research 
project is the Sydney CityRail system (see Figures 
4# 5 and 6). In brief, CityRail consists of 294 
stations distributed over its 1700 kilometers of 
tracks (State Rail Corporate Public Relations,
1993). Most of these tracks are ballast on-ground 
type resting on well consolidated ground, fill or 
cut areas. In many patchy areas, the tracks are 
laid in short lengths of tunnels, on bridges 
spanning across rivers and roads, or on short span 
viaducts flying over deep valleys. In many areas 
adjoining CityRail railway operation zones, natural 
vegetation or revegetation areas are often found.
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Part (A) 
follows.
of CityRail is shown schematically as I
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^a,r̂- (®) CityRai 1 is shown schematically as
14
Part (C) of CityRail is shown schematically as
15
Because the area of this railway network is so 
wide, it is subdivided into three operating regions 
-- North-West, South and Illawarra. As this system 
is so large, and the number of areas that could be 
included in this research exercise was limited; a 
practical way to have representative study was to 
include at least a part of each operating region 
in the study. The nature of the areas chosen for 
study should also be as diversified as possible. 
Hence, one depot, one signalling complex, one 
equipment centre, two substation areas and two 
multiple purpose areas (combination of a station, a 
service yard / a train exchange) were chosen. A few 
stations were also included.
1.3 Oil and grease contamination problems in this 
railway system.
As often addressed by the SRA management, one of 
the major pollution problems identified in the 
CityRail operating areas including workshops, 
depots, and some stations is the removal of oils 
and greases from the effluents generated in these 
areas (State Rail Corporate Public Relations, 1993; 
Harvey & Hickey, 1991). The use of oils and greases 
is inevitable in the operations and maintenance of
16
a modern railway system.
Firstly, oil is an essential ingredient in many 
high voltage electricity transformers installed in 
traction substations or distribution substations 
(Stigant and Franklin, 1976). This material is used 
to insulate transformer core, switchgears, circuit 
breakers, winding and terminals, and many other 
electrical parts in a transformer. This is also to 
provide a liquid medium to dissipate heat generated 
in these electrical parts in some substations by 
means of liquid convection. Oil stored in this type 
of electrical equipment may leak out at corroded 
weld seams, via deteriorated pipe flanges or valve 
gaskets, or through parts which are not fitted 
together tightly or distorted by mechanical forces 
because of careless use. It is apparent that oil is 
not used to fill the sheaths for any high voltage 
cables being used in the CityRail system. Hence, no 
oil leakage problem is envisaged outside the 
proximity of electrical equipment. An exception is 
that oil spills may arise while the electrical 
equipment is topped up with oil periodically to 
compensate for the loss through the equipment, or 
to replace oils which are degraded or excessively
17
oxidized. Spills may be caused either by careless 
operation of the oil topping up exercise or by 
running over of the oil containers if necessary dry 
break couplings are not applied in routine oil 
refilling exercises. A typical oil cycling process 
is illustrated in Appendix 2.
Secondly, oils are used to lubricate electromotive 
engines which are located at the bottom of a train 
or a wagon bogie. These engines provide the main 
traction forces for the running of the train or the 
wagon on railway track. The oils are also essential 
to protect the metal parts of these engines against 
corrosion. As an engine gets old (say 15-25 years 
of age), some lack of fit between adjacent moving 
mechanical parts in the "old" engine will arise. 
Corrosion, wear and tear, and distortion arising 
from thermal stresses, fatigue, etc., will open up 
or create holes in the engine body within which the 
oils are contained. The lubrication oil may hence 
leak out of the engine compartment through these 
aged parts, crevices, or holes and contaminate the 
environment. Oil spills may again arise during the 
oil topping up exercises to compensate for any loss
of lubrication oil.
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Thirdly, oils and greases are used to lubricate the 
engines, machinery or equipment installed in train 
workshops for routine train servicing or to protect 
these mechanical installations against corrosion 
(additives are often added to these materials for 
control of rusting and oxidation and for inhibiting 
acid formation) (Hill & Genner, 1980 ; and Evans, 
Galvin, Robertson and Waller, 1972). Oils may also 
be an essential ingredient for several mechanical 
operations including the use as a cutting fluid and 
a fluid medium in hydraulic systems or control 
parts, etc. Oil leakage is expected for reasons 
which are quite similar in nature to those for 
electromotive train engines. However, it is more 
difficult to confine the oil leakage or spills 
within the boundary surface of a mechanical 
installation in a workshop than that in the case of 
an electromotive engine. This is mainly because 
there is a need to keep an installation accessible 
to its operators, or inspectors, and to maintenance 
technicians, or other staff. Hence, a substantial 
proportion of the machine boundary surface has to 
be kept open, whence leakage and spills may arise. 
In addition, the boundary surface of this type of
19
installation is not normally expected to be fully 
oil-tight by their designers. This conventional 
practice arises from the fact that some impervious 
concrete slabs or plinths or rafts are usually 
present to support the equipment, which can often 
be used to contain any oil leakage and spills with 
some simple modification. The oil leakage or spill 
problem can often be exacerbated by lack of teamwork 
in the maintenance operation (Evans, Galvin, 
Robertson and Waller, 1972).
The problem of oil contamination will be worse where 
oil in water emulsions are involved as a result of 
the universal application of these emulsions in 
hydraulic systems of powered support installations 
and hydraulic props or if the emulsions are used as 
cutting fluid (Bohdanowicz-Murek, Zyska, Zankowicz, 
Wawrzyniak and Terech, 1980; Evans, Galvin,
Robertson and Waller, 1972). This is because with 
higher fluidity and miscibility of such emulsions, 
it is easier for the emulsions to join any water 
flows present in the environment as compared to 
similar situations with pure oils. Hence, it is 
more difficult to confine this type of liquid 
medium in the designated boundary. In cases where
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concrete elements are used to contain any oil 
leakage or spills, it is important therefore for the 
designers involved to bear in mind that most 
concrete is designed to crack (Kong and Evans, 1975) 
and concrete spalling is a very common symptom of 
concrete deterioration (Hong Kong Government, 
Structural Advisory Unit, 1988). Oils and greases 
being held by any substandard, underdesigned or 
deteriorated concrete structural elements in which 
severe cracking or spalling may occur, eventually 
will find their way into the subsoil or grounds 
outside these elements. Environmental pollution will 
arise in such cases.
Fourthly, point motors and transmission rods are 
used to control and regulate the movement of switch 
rails installed for a siding track, or a crossover 
track, or a turnout track (Heeler, 1979). Many 
operations of point motors and most mechanical 
transmission rods involve both the hydraulic and 
the mechanical systems. Oils are essential liquid 
media for these hydraulic and mechanical systems to 
function as designed. They also protect the metal 
parts of the switch rails, the- point machines, and 
the transmission rods against corrosion as
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discussed above. As for electrical switchgears, oils 
or greases are also present within the signalling 
control device designed to operate the mechanical 
parts of this point control system or to serve as 
an insulation medium for the electrical parts. A 
typical CityRail point control system is shown in 
Appendix 3 to illustrate oil leakage or the spills 
involved. As highlighted earlier, lack of fit, 
corrosion, wear and tear, and distortions will 
arise as the point system gets old. This in turn 
gives rise to oil leakage. Oil spills may also 
arise during the oil topping up exercise to make up 
for any oil loss from this system and this may lead 
to oil contamination patches located at some 
distance away from the leakage areas.
The fifth cause of this type of pollution is that 
some train washing facilities or stabling areas may 
be located above a ballast ground area outside the 
main maintenance depot. Leaked oils staining the 
body of the engine compartment of a train may be 
scoured down to the ballast grounds by this washing 
operation or by rain, or simply drop down onto the 
ballast ground while the train is standing over the
area.
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The sixth cause of oil or grease pollution arises 
from the lubrication of the rails. Like lubrication 
in other areas, this is to maintain the friction at 
the rail-wheel interface within the designed range. 
This is an important parameter for smooth train 
running. This is also to protect the rails against 
corrosion. This type of lubrication operation may 
be carried out evenly by using a lubricator mounted 
on a locomotive car or any suitable wheels of a 
train bogie, or through a lubricator fixed to a rail 
or to a baseplate of a rail (e.g., Mills Hurcol, 
Aladdin or 'P & M' rail Pammek lubricator), or 
simply manually at patchy areas. Lubrication with 
these or other specially designed automatic 
lubricators will put the lubrication operation 
under programmed and designed controls and can 
confine the oils or greases used for this purpose 
within a definite designated zone. Depending on the 
chosen properties of the lubrication oils or the 
greases and/or design of lubricators, lubricant may 
be forced down to the rail foot and ultimately to 
the ballast ground by a high pressure existing at 
rail-wheel interface, or flung off by the passage of 
occasional wheels (Heeler, 1979). Also for manual
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lubrication, spills may arise from carelessness, 
human fatigue, or inherent tool design defects.
1.4 The scope of the studies carried out.
The scope of the studies carried out has been 
limited by the time and manpower available. Hence, 
further studies are recommended where a more 
comprehensive understanding of the problems 
involved in a particular area is required.
With respect to the technical feasibility of 
bioremediation methods which can be used to 
scavenge oils and greases, this study reports on a 
preliminary comparison of the effectiveness of the 
biodegradation of the target oils involved under 
different environmental conditions. Parallel tests 
for oil/grease content were done for samples in 
which:-
*the contaminated solids in the polluted ground 
were left untouched.
♦fertilizers were added in situ to the 
contaminated solids in the polluted ground, 
♦fertilizers and artificial leachate were added to 
the contaminated solids collected from polluted 
grounds in sample bottles, which were tilled
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frequently.
★samples were treated as for the other samples 
(see above) collected from polluted areas in 
sample bottles, in which leachate additions were 
omitted.
Details of the studies carried out will be 
included in Chapter 2 and the results obtained 
and the discussion of these results are given 
in Chapter 3.
With respect to the engineering dimension, some of 
the contamination problems can be tackled with 
improved design or design modifications of existing 
railway facilities including trains, points and 
switches, transformers or rail lubricators, etc. 
These problems may also be contained with some 
additional containment engineering facilities 
(Boscardin and Ostendorf, 1990). Suggestions are 
included in Chapter 4 where discussions of feasible 
solutions to the contamination problems other than 
bioremediation are also included.
With respect to the management aspects, some oil or 
grease contamination problems could be avoided at 
source with suitable management measures. This has
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been highlighted in the SRA's SRIG (System Review 
Implementation Group) Report in 1986 and the SRA's 
EIA for the Malden - Dombarton - Port Kembla Railway 
carried out in 1983.
Details of the studies carried out are included in 
Chapter 2 while the results and discussion are 
given in Chapter 4.
With respect to the training and development 
requirements of SRA staff in relation to these 
areas, some suggestions are made in light of a study 
of CityRail's "Generic EMP" (Manac^n, 1992) and 
personal experience in the HKMTRC. Details are given 
in Chapter 4.
With respect to the legal requirements, several 
relevant NSW environmental laws and some 
Commonwealth environmental legislation are studied. 
The relevant provisions which may be applicable in 
the control of the proposed bioremediation are 
discussed briefly. Details of the studies carried 
out are included in Chapter 2. The results and the 
discussion are presented in Chapter 4.
Other treatment methods are also briefly discussed.
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CHAPTER TWO
MATERIALS, METHODS AND PRINCIPLES.
2.1 General.
Three main types of studies were included in this 
research exercise. These included literature 
searches, observations and interviews, and 
bioremediation experiments. The methods used are 
summarized as follows.
The principles identified from the literature 
search which are relevant to either the observation 
and interview exercises or the bioremediation 
experiments are also described.
2.2 Literature search.
This included a study of the books and journals in 
the libraries of the University of Wollongong and 
the University of Technology Sydney (Haymarket 
Campus and Gore Hill Campus). Also included was a 
study of the books, reports and documents in SRA 
libraries located at York Street and at Redfern, 
Sydney or obtained from some SRA managers and 
engineers; the annual reports of the CESD of the 
HKMTRC (HKMTRC CES Engineers, 1986 to 1991) and the 
papers obtained from Professor Emeritus of the
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University of Alberta (i.e., Prof. D W S Westlake). 
Efforts were also made to contact other researchers 
working on the microbiology or the bioremediation 
field to seek additional information in this 
respect, but these generally were not successful.
The nature of information contained in the 
literature surveyed varies tremendously. Given the 
researcher's background in engineering and 
environmental science, the search was focused 
mainly on engineering, management, and 
bioremediation aspects. Relevant materials in these 
aspects were screened out for study. Other 
materials including pure microbiological details or 
complicated legal implications were studied only 
very briefly.
2.3 Observations and interviews.
Some survey and other exercises of similar nature, 
(Type A), were carried out between August and 
October, 1993, which included site inspections, 
site measurements, interviews of SRA staff and 
consultation with a few other knowledgeable 
individuals. Repeated observations of the railway 
areas at a distance (Type B), were also carried out,
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mainly on CityRail passenger trains, or station 
platforms and in areas outside the boundary fencing 
of the railway areas. This was to ensure adequate 
personal safety and not to cause any inconvenience 
to the operations of CityRail.
For type A exercises, the areas involved and the 
expected problems were shown in Table 4 included in 
next page.
These observations and interviews were used to 
check for the extent of pollution in areas where 
the ground or substrata might be vulnerable. These 
areas were often located on both sides of ballast 
areas where oil, grease or hydrocarbons were 
found, locations accessible to water runoff from 
contaminated sites, areas within or adjoining the 
"four foot" area of a running line (see Chapter 3 
for photo / diagram of "four foot"), and works areas 
inside a maintenance yard, a depot or the like in 
which oils and greases were frequently handled and 
stored. The intention was also to identify potential 
and existing spillage areas in these types of work 
sites in CityRail operational zones.
Table 4:- Description
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Location/
/
/
/
/ Problems
Oil ,
grease or 
lubricant
of survey areas
Fuel : Chemicals : » • •
H M C Y N N :
R S C D N Y
•
•
N :
W R S & D Y Y Y * :
•
•
H S/S Y Y Y * :
B T S/S Y N Y * :
W S & Y Y Y N :
C R E C Y Y Y S
Note is —
H M C is Hornsby Mnint; enanca Centra; 
r S C D Is Redfern Signal Complex Depot;
W R S & D Is Warrington Railway Station / Depot;
H S/S is Hurstvllle Electrical Substation;
B T S/S is BlacKtown Traction Substation;
W S & Y is Wo 1 1 ongong Stat i on. And Yard; sod
C R E C is City Rail Equipment Centre.
Not® 2:-
Y means should be of concern;
N means o f minimal concern;
# means to be checked to see it hydrocarbon
contamination has been involved.
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For the staff interviews, although the actual 
questions asked varied slightly from person to 
person, the contents of these questions generally 
followed the following format
1. Are you aware of any contamination / 
environmental problems caused by
leakage / spillage / normal use / other reasons 
—  of oil / grease / fuel / other hydrocarbons 
in the railway areas which you are required to 
take care of?
2. Please specify the precise nature of the 
problems, if any; the extent of these problems; 
the areas affected by these problems (with 
diagrams, if any); how long these problems has 
lasted; the causes of these problems; and who 
causes these problems.
3. Are there any other information relevant to 
these oil and grease contamination problems 
(e.g., report / document, etc.) ?
The impacts of the oil and grease contamination 
problems to the environment as perceived by the 
train passengers was also assessed with passenger 
interviews. Interviews of 20 CityRail passengers 
picked randomly in different railway lines were
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carried out. Simple questions were asked, including 
how the environment of the CityRail system was 
perceived by the passengers involved and were they 
aware of any contaminated areas where oils or 
greases were found. The passengers were not required 
to disclose their names. In this exercise, the 
passenger were selected for interviews from railway 
lines including Hornsby via Strathfield, South 
Coast, Campbelltown via Liverpool, City Circle, 
Sutherland, Bankstown and Emu Plains Lines. (These 
passengers were of the age ranging from 16 to 50; 
included 2 boys and 1 girl, 9 men and 8 women; and 
most (70%) of them were ethnic European).
Repeated observations of many parts of each one of 
these running lines were also made from June to 
October, 1993 as described earlier in this section.
A few oil spread tests were carried out to find out 
how the spilled oils and greases were spread on and 
below grounds or to adjoining waterways from 
spillage areas. These spillage areas may be found 
around the containers (e.g., fuel tanks, oil pipes 
or oil conservators, oil drums, etc.); in or around 
some depats, maintenance yards, or the like; and in
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or around a workshop, a permanent-way materials 
maintenance area; or a substation.
Moreover, because of resources limitations, the oil 
spread tests were carried out only in a few areas 
inside the Hornsby Maintenance Centre.
The details of the oil spread test and method used 
to check for spread of the spillage / contamination 
on and below the ground in which oil / grease / fuel 
/ or other hydrocarbons (HCs) was identified, is 
shown in Figure 7 in below:-
Temporary barrier complete 
with warning signs.
Spread of the HCs 
on the surface.
-» -1 -fc. 3
Ballast hump.
Adjoining ballast 
or soil.
The HCs were added and the 
spread of the sample HCs in 
the above hump was recorded 
regularly afterwards to 
check for the spread of the 
HC contents (i.e., oils / 
greases / fuel / other HCs) Figure 7
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Trial pits shown in Figure 8 were also sunk in long 
standing contamination areas in Hornsby Maintenance 
Centre (HMC) to determine the penetration of oils / 
greases into the substrate in these areas.
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The photo of the hump and the trial pits created 
in HMC to determine the spread of the oils used to 
form a small pond in the recess made at the middle 
of this 500mm diameter artificial hump (approx.) 
is also included in Figure 9 in below.
The perimeter channel 
bounding the hump.
—  Greases (lubrication oils)
Figure 9
spread in a shallow hole 
made at centre of the hump.
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2.4 Bioremediation experiments.
2.4.1 The principles involved are outlined, which 
are followed by the methodology.
Bioremediation is the remedial removal of pollutants 
in the environment with biological organisms 
including mainly fungi, bacteria and terrestrial 
vegetation or wetlands communities (Dillingham, 
1989). The use of fungi and bacteria is more 
acceptable than the use of natural vegetation 
because terrestrial vegetation or wetlands are often 
protected by conservation authorities to maintain 
natural biodiversity and to guard against the 
creation of public eyesores. Vegetation is only 
useful as a filter to contain the contaminated 
leachate created in the oil / grease contamination 
sites. Most polluting leachate is hence prevented 
from spreading outside the perimeters of the 
contaminated sites. Vegetation does not decompose 
oils or greases directly but retains these materials 
for further decomposition by bacteria and fungi 
existing in the local environment. Hence, a direct 
application of the microflora which are able to 
biodegrade these materials should be more efficient. 
Vegetation is usually stationary and cannot be moved
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readily. This poses a problem in creating the 
required biological filter around the contaminated 
sites. Even when the biological filter can be 
created practically, the vegetation involved may 
form a physical barrier around the sites and may 
block some of the access to these sites. Obviously 
microflora do not occupy appreciable site space and 
are often a more environmentally friendly 
biodegradation medium. Hence, for the bioremediation 
processes, microflora are commonly used.
Oils and greases present in the environment:-
* create hazards to aquatic organisms (sublethal) 
and may be lethal in some cases;
* remain unchanged and toxic for a long time in 
situations where natural biodegradation is not 
favoured by prevailing environmental conditions;
* give rise to concerns about bioaccumulation and 
biological magnification;
* create health hazards, e.g. when carcinogenic 
polycyclic aromatic compounds are present 
(Edgehill, 1992);
* spread to more distant areas with oil-laden 
sediments, via floating on water flows, or with 
ground water movements if they become solubilized
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or emulsified in water.
* increase vulnerability of soils to erosion.
(USEPA., 1976); (Engesser & Fischer, 1991);
(Nemerow, 1978).
These oil and grease materials may also inhibit 
dinitrogen (N2) fixation and hence may retard 
growth of terrestrial vegetation. (Atlas, Sexstone, 
Gustin, Miller, Linkins and Everett, 1980).
Manipulation of indigenous microorganisms existing 
in the soil substrate below the hydrocarbon (HC) 
contamination areas is often involved. Nutrients 
(N, P, K, etc.) are often added to encourage the 
pre-existing biodegradation activities (i,e., 
bioenhancement). This is because microorganisms 
usually greatly increase in number in response to 
an increase in carbon (food) sources. Use of these 
microorganisms for bioremediation is preferred as 
this approach is usually more cost-effective and 
those microflora suitable to degrade one type of 
petroleum product may not be suitable to degrade 
another one. The contamination areas need to be kept 
wet (but should not be saturated to avoid anaerobic 
conditions), if practicable. This is because of a
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need to provide passages through which the fungi 
and bacteria can migrate to the carbon resources 
(oils / greases in this case) to carry out the 
required biodegradation. These microorganisms also 
need a water substrate for the biodegrading 
activities. (Foght & Westlake, 1992 ; Horowitz & 
Atlas, 1980). Making use of the leachate obtained 
from soil samples or areas sitting on soil 
substrates contaminated with the target oil or 
grease materials may also be involved. This is to 
collect the fungi or bacteria which are able to 
biodegrade these oil and grease materials for 
seeding the actual contamination areas with these 
microflora. Water in soils from a contaminated 
site is usually enriched with these microorganisms 
when a time period has elapsed after the soils were 
contaminated with oil or grease materials. Hence, 
the leachate water can be exploited for the 
bioremediation of this contamination (Westlake, 
1993; Nemerow, 1978). Note that the typical 
characteristic of the useful leachate is that some 
symptoms of oil or grease biodegradation should be 
apparent (Smith, 1991). This is some indication 
that the microorganism communities required are
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present in the leachate to be used for seeding 
purposes, an important factor for the required 
bioremediation to be successful. Leachate generated 
at the bioremediation site should also be used in 
or recycled back to the site for similar reasons 
(Nemerow, 1978; Verstraete, Vanloocke, De Borger 
and Verlinde A, 1976).
Seeding (bioaugmentation) of contamination sites 
with microorganisms which have been incubated in a 
suitably adjusted environment for their pre­
adaptation to the dominating environmental 
conditions identified on these sites may also be 
required. Special strains of bacteria, fungi or 
algae are developed under controlled conditions in 
a laboratory. The development of these 
microorganisms is closely monitored and they are 
tested and analysed for their bioremediation 
abilities throughout the laboratory development to 
make sure that they can be used to do the required 
bioremediation jobs. Some microorganism species can 
also be genetically engineered so that they are 
capable of doing the job better, in a desirable 
manner and as required.
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Specific seeding of microflora is required when 
rapid removal of certain specific organic compounds 
is desirable (Edgehill, 1992) as no pre-adaptation 
period will be required by the microorganisms 
involved in such bioremediation processes. This may 
be required when a disastrous environmental 
accident occurs where large amounts of many specific 
organic compounds are spilled onto the contaminated 
sites, posing major environmental problems if they 
are not removed quickly. However, the cost of this 
approach is usually higher. Care is also required 
to guard against creation of any pathogens in the 
environment. This should not occur with the 
exploitation of indigenous microorganisms since 
they are the natural living beings which are 
already in the environment involved even before the 
required bioremediation operations are implemented. 
Any pathogens present should be detected well before 
commencement of bioremediation operations (Horowitz 
and Atlas, 1980; Foght and Westlake, 1992).
Essential aeration is obtained by tilling of soils 
and solids contaminated with the oil and grease 
materials. Tilling the soils will promote contact 
between oxygen enriched water and the
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microorganisms, facilitating their taking up 
essential oxygen. As a result, efficient 
bioremediation will often be obtained (Foght and 
Westlake, 1992; Smith, 1991).
Addition of water and nutrients including compounds 
which contain N (nitrogen), and P (phosphorous) is 
essential for the promotion of an efficient 
bioremediation, especially with slow release 
briquettes or spray application solutions (Fedorak 
and Westlake, 1981). In many cases, other important 
minerals including K (potassium), Fe (iron), Mo 
(molybdenum) or S (sulphur) are also required. 
Biodegradation usually takes place at the interface 
between water and the oil and grease materials 
where oil in water emulsions may be produced by 
activities of biodegrading microorganisms as they 
decompose the hydrocarbons (Smith and Crook, 1980). 
However, with oil in water emulsions, a spread of 
existing contamination may arise when surface or 
underground water flows exist. Containment of any 
leachate from the contaminated site may-be »a 
necessary to prevent this spread (Atlas, Sexstone, 
Gustin, Miller, Linkins and Everett, 1980; Engesser 
and Fischer, 1991).
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Biodegradation to decompose oil and grease materials 
at depth is difficult due to low nutrient and oxygen 
availability. Tilling of ballast and soil substrates 
in the contaminated sites lifts some contaminated 
solid particles up to ground surface. This may be 
carried out with a landfarming operation. This 
operation promotes the biodegradation of oils and 
greases adsorbed on these solid particles when they 
move to shallower locations near the ground surface 
or when water enriched in nutrients and oxygen 
(through long periods of direct contact at locations 
near the ground surface) comes to contact with 
these particles at depth. (Degre'mont, 1973; Foght 
J M and Westlake D W S, 1992).
Controlling pH is important as it is crucial to the 
growth of biodegrading microorganisms and hence the 
efficiency of the bioremediation operations. Also, 
many heavy metals become more soluble in acidic 
environments, but are precipitated in an environment 
which is more alkaline. While some heavy metal ions 
are essential to the growth of many microorganisms, 
others may be toxic. The desirable pH range is 6 to 
8 (Foght and Westlake, 1992), while bioremediation 
processes are still effective in a pH as low as 4.5
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and as high as 8.5. (Verstraete, Vanloocke, De 
Borger and Verlinde, 1976).
Controlling temperature (T) is important to the 
growth of biodegrading microorganisms. Ranges of 
suitable T suggested in the literature reviewed are 
as follows.
2 to 25 °C (Atlas, Sexstone, Gustin, Miller,
Linkins and Everett, 1980)
5 to 25 °C (Foght and Westlake, 1992)
5 to 10 °C for fungi, (Walters A H. 1977)
10 to 40 °C for bacteria, - Ditto - 
(the optimum is 25 °C)
Oils used in various industries including CityRail 
are generally complex. Hence, it is questionable if 
it is efficient to carry out a bioremediation 
operation with a seeding of only a few strains of 
microorganisms designed for the biodegradation of 
the target oils or greases. Hence, it is desirable 
that a "large" consortium of microorganisms, such 
as that developed from the soils obtained from the 
contaminated sites, be used for efficient removal 
of the contamination oil and grease materials. 
However, the situation may be different in cases
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where a wide spectrum of microorganisms which are 
genetically engineered, well tested for performance 
with many in situ trials and monitored for long 
term toxic and pathogenic effects is used to 
biodegrade a few species of oils and greases (Foght 
and Westlake, 1992; Horowitz and Atlas, 1980).
With most oils and greases, complete bioremediation 
is not feasible or not practical. This is because 
the rate of biodegradation follows the first order 
kinetics (Verstraete, Vanloocke, De Borger and 
Verlinde, 1976). That is, it decreases when the 
concentration of the target oils or greases in the 
environment drops. This is also because many long 
chain or heavy aromatic organic compounds are very 
recalcitrant and hence are not biodegraded easily. 
Also, high concentrations of the pollutants at a 
site may inhibit the growth of many biodegrading 
microorganisms. (Foght and Westlake, 1992). However, 
with simple processes like addition of fertilizer, 
control of pH and irrigation, up to 90% removal of 
the hydrocarbons involved in 5 weeks (Horowitz and 
Atlas, 1980); and a biodegradation of up to 60% at 
20°C in 42 days (Verstraete, Vanloocke, De Borger 
and Verlinde, 1976) have been reported.
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For determination of the concentration of oils and 
greases, GLC (gas/liquid chromatography) gives the 
best results but satisfactory results have also 
been reported using solvent extraction. Monitoring 
of changes in microbial populations, or oxygen 
consumption, or carbon dioxide production or 
infrared spectrometry have also been used (Horowitz 
and Atlas, 1980; Atlas, Sexstone, Gustin, Miller, 
Linkins and Everett, 1980; Foght and Westlake, 1992; 
Verstraete, Vanloocke, De Borger and Verlinde, 1976; 
Ying, Baiba, Shepherd and Wright, 1989).
The efficiency of bioremediation of some specific 
organic compounds will be affected if alternative 
carbon sources which can be more easily biodegraded 
are available in the environment (Chakrabarty,
1982) .
Other than microorganisms, many aquatic animals 
including goldfish, rainbow trout, frog, marine 
annelid, etc. can also be used for the metabolic 
degradation of organic compounds (Chakrabarty,
1982). 1«+ +kese |d b« imjjrqc'fic qble in q \jqrd.
Bioremediation may promote denitrification by 
consuming nitrogen compounds in the environment.
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This may be beneficial in some cases. However, some 
bacteria species (e.g., Azotobacter) fix N2 while 
growing on several organic compounds (Paul and 
Ladd, 1981).
2.4.2 Using bioremediation to handle contamination 
problems has merits and demerits. However, in most 
cases, the majority of the shortcomings (where they 
do exist) are outweighed by the merits of applying 
this approach to remove or contain the 
contamination.
The list of shortcomings may be very large as 
specific ones may arise in several specific cases. 
Hence, only the shortcomings considered to be more 
important are included as follows:-
(a) Lengthy remediation period is required. This is 
mainly because the microorganisms need time to adapt 
to any new environment (Verstraete, Vanloocke, De 
Borger and Verlinde, 1976), after the oil or grease 
materials have occupied the voids in the matrices 
of the soils, ballast or other solids. This is also 
because it takes time for the hydrocarbons to spread 
in the ground by diffusion or elution, etc., or for 
microorganisms in an aquatic phase to migrate to
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these "food sources" through similar processes. The 
biodegradation will not take place in most cases 
until the oil or grease materials are in direct 
contact with the microorganisms in the presence of 
oxygen and water (Edgehill, 1992; Smith, 1991).
(b) When the remediation period is reduced by means 
of seeding with pre-adapted microorganisms to the 
hydrocarbon materials to be biodegraded (Foght and 
Westlake, 1992), direct in situ spraying of the 
microorganisms to surfaces of contaminated 
particles may be essential. However, this direct 
seeding may not be possible because of restricted 
access to the contaminated sites.
(c) With other methods used for remedial removal of 
oil or grease contamination (e.g., incineration), 
complete removal of the target organic materials is 
often accomplished. With bioremediation, this 
complete removal is difficult to accomplish 
practically, as when concentration of hydrocarbons 
is reduced, the biodegrading bacteria may become 
inactive and shrink to ultramicrobacteria (UMB) 
(Westlake, 1993). Hence, the biodegradation rate 
decreases with a reduction in the concentration of
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the pollutants and hence, complete removal of 
pollutants is not possible unless the seeding 
operation is frequently repeated to supply fresh 
bacteria having an amount equivalent to the loss 
due to formation of UMBs. This is, often not the 
case in practice. In general, complete removal of 
any organic compound from the environment is rarely 
specified in the legislation. The actual problem is 
hence the need for a much more careful checking of 
the final concentration, and the long term effect 
of this pollutant concentration in the environment.
(d) Formation of some fungi filaments and / or 
bacteria membrane polymer (Smith, 1991) as a result 
of biodegradation creates a thicker than normal 
pore liquid in the ground and may adversely affect 
the drainage properties of ballast or soils. This 
is quite undesirable for a railway ballast trackbed 
(Heeler, 1979). Formation of acidic soils because 
of biodegradation (Paul and Ladd, 1981) may also 
give rise to solution of heavy metals and may have 
effects on terrestrial flora and fauna.
(e) Creation of dark slime (Smith, 1991) on the 
ground and promotion of oil dispersion into the
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ground water with emulsifying agents secreted by 
microorganisms may arise from biodegradation 
(Verstraete, Vanloocke, De Borger & Verlinde, 1976). 
The former may become an eyesore while the latter 
may pose some health hazards.
(f) Specialist consultants may be required as 
bioremediation is a rather new technique and some 
expert knowledge is often involved. Hence, the 
problems involved may be too complicated to be 
handled effectively by inhouse professional staff. 
Experience in specialist consultant management in 
HKMTRC has shown that problems may arise including 
a lack of continuity of the services required, low 
level of familiarization with existing railway 
environment, limited accountability or lack of full 
loyalty to client organization, difficulty in 
gaining access to information, etc. If any of these 
problems do arise, cost-effectiveness of solving 
the contamination problems with this type of 
approach will be jeopardized.
(g) In cases where microorganisms which have been 
genetically engineered are to be applied in the 
proposed bioremediation process for rapid removal
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of the pollutants, the potential of introducing 
pathogenic species into the environment (Horowitz & 
Atlas, 1980) needs to be estimated with long-term 
research exercises. Although no solid evidence has 
been reported, there is the possibility that the 
influence of the pathogens will become apparent 
only after a long period subsequent to their being 
applied in the environment. This is because time 
might be needed for these microorganisms to evolve 
through adaptation and interaction with many other 
microorganism strains existing in the environment 
(Verstraete, Vanloocke, De Borger and Verlinde,
1976; Westlake, 1993).
Like the demerits, The list of merits of using a 
feasible bioremediation approach may be very long 
as specific ones may arise in some specific cases. 
Hence, only a few general ones are included as 
follows :-
(a) It is practically convenient to use this 
approach to remove the oil or grease materials 
(Little, 1991). This is mainly because complicated 
operations or installation or plant are not required 
as for other approaches including incineration,
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treatment with chemicals, etc. The major essential 
operations involved are simply applying required 
microorganisms and nutrients to the contaminated 
areas with in situ spraying or otherwise, and 
follow-up monitoring.
(b) It is often cheaper to use this approach to 
remove oil or grease materials because of the 
simplicity in the required operations (Foght and 
Westlake, 1992; Molnaa & Grubbs, 1990).
(c) This approach is efficient in terms of labour 
and works area requirements. In situations where 
the bioremediation approach is well established, 
this efficiency will be further enhanced as trained 
inhouse labour can be utilized to carry out the 
operations under well established guidelines.
(d) This approach is environmentally friendly.
(e) Interruption to activities of the operating 
railway will in general be minimized as large scale 
removal of materials or relocation of existing 
installations or mobilization of plant is often not
required.
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2.5 A feasibility study of the bioremediation 
approach.
From a balance of these merits and demerits, it is 
considered that bioremediation of oil and grease 
contamination is preferable for use in the CityRail 
environment. To confirm this and to check for any 
unforeseeable factors, a simple feasibility study 
was proposed. This feasibility study was designed 
based mainly on the principles discussed earlier.
To obtain a microflora culture was beyond the 
resources of this project. With the encouragement 
of Professor Emeritus, Dr. D W S Westlake of the 
University of Alberta, therefore, the effort was 
focused on enhancing the activities of indigenous 
microorganisms with nutrient addition plus 
artificial leachate addition and minor pH adjustment 
and making use of these operations to lower the 
contamination level in the site chosen.
2.6 Methodology used in this simple bioremediation 
feasibility study.
Before going into the details, the rationale behind 
the procedure is first discussed. The operations 
involved were to maintain the environment of the 
contaminated solids at conditions which were
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favourable for biodegradation activities with a 
minimum of operational inputs.
Irrigation of samples and test areas with clean 
water stored overnight is used to provide moisture. 
This keeps surfaces of solids wet, creating the 
water-oil interface which is essential for effective 
bioremediation. Usually the pH drops as the 
biodegradation by hydrolytic microorganisms takes 
place. This acidity is partly overcome by the 
removal of volatile acids with the heat of the sun 
when acidic water vaporizes. Also, this acidity is 
overcome partly when the samples or the test areas 
are irrigated with fresh water with a pH of 5.5 to 7 
which should raise the pH a little through dilution. 
Thirdly, this acidity should also be overcome partly 
as organic acids are used by the obligate anaerobes 
or methane bacteria when no aeration activities are 
in progress at night time. The usual range of pH in 
the solids matrices was kept at the range between 
4.5 and 6.5 which was slightly below the desirable 
range of pH 6 to pH 8 but was still good enough for 
ample bioremediation activities to take place 
(Verstraete, Vanloocke, De Borger and Verlinde, 
1976). Alkali addition was not used since previous
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studies have shown that it is not a mere pH problem 
but a reflection of the balance between the 
activities of hydrolytic microorganisms and those 
of methane bacteria (Nemerow, 1978). To confirm the 
maintenance of this pH range, samples were picked up 
in a stratified random manner for pH tests (The pH 
papers used were obtained from the SRA Redfern 
laboratory and from the University of Wollongong 
laboratory, having a range of 3 to 6 and 0 to 14 
respectively).
The incubation of samples using the heat of the sun 
provides a means of removing the volatile light 
fraction of the oil and grease materials and of 
maintaining the temperature of the solids at around 
15°C to 25°C.
Tilling of the solids provides contact between pore 
water and air through which oxygen is dissolved in 
the pore water (Degre'mont, 1973). An alternative 
approach to this operation is to pump air directly 
into the solid matrices which is more economical for 
large scale field operations. This was not used in 
the present study as the setting up of complicated 
mechanical plant was costly and time consuming.
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Fertilizer additions are to supply the essential 
nutrients including N and P for the bioremediation 
process. In the bioremediation experiments, the 
amount of nutrients provided was kept at a level 
that the C to N ratio and the C to P ratio were well 
above 10% and 1% respectively (Westlake, 1993), when 
natural bioremediation activity was to be enhanced.
Leachate addition is to provide seeding of 
microorganisms to contaminated sites. The leachate 
was generated from a sample container the soils in 
which was artificially contaminated with the target 
oil and grease materials and was expected to contain 
a large amount of microorganisms capable of 
biodegrading the target oils and greases. The soils 
for the leachate preparation were obtained from the 
easement areas outside Hornsby Maintenance Centre, 
to ensure close simulation of the actual conditions 
of the sites from which the in situ bioremediation 
experiments were carried out or the contaminated 
soil / ballast samples were collected for indoor 
bioremediation experiments.
For this artificially created "leachate" sample, 
the samples used were incubated for 2 weeks before
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collection of leachate. (Hence, the soils and the 
oils and greases used for the creation of leachate 
for the first batch of leachate were different from 
those used afterwards as these materials could not 
be obtained until this site was accessible).
The leachate sample tested for oil / grease content 
was prepared near the end of the experimental period 
to confirm the presence of oil/grease biodegrading 
activities in the leachate. (Note that the oil and 
grease content was 30 mg/L for this leachate sample 
from experimental results contained in Table 9.
For the incubation, 2 kg of soil and 30 gm of oils 
were used which is assumed to occupy 1 litre (L). 
Water was used to top it up to the 5 L mark. Hence, 
if the dispersion of the oils in the incubation 
container is assumed to be uniform, the theoretical 
concentration of oils in this leachate sample should 
be 30 gm / 4 L = 7500 mg/L. Furthermore, this 
leachate sample was collected in the form of oil in 
water emulsion. Therefore, it can be safely assumed 
that there was substantial biodegradation of oils 
and greases in this leachate sample before it was 
collected and hence, the required oil and grease 
biodegrading bacteria was present in this leachate
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sample. This was because of the presence of this 
oil in water emulsion and the great difference 
between the theoretical concentration of the oils 
and greases in the leachate sample without 
biodegradation (7500 mg/L) and the actual leachate 
sample concentration obtained (30 mg/L). Since 20 mL 
aliquot of this leachate was added to every sample, 
the amount of oils involved should hence be:- 
30 mg/L x 20 mL/sample =0.6 mg/sample.
The overall average weight of dry sample was 300 gm. 
Hence, the average oil content added to each sample 
was 0.2 mg of oil per 1000 qms of dry soil .
For a large scale trial, the perimeter of the 
contaminated site in the trial area should be 
enclosed with some boundary drains to collect the 
leachate generated in the site (Ying, Baiba,
Shepherd and Wright, 1989). The leachate collected 
should be reused in or recycled back to this site. 
This will meet both the seeding requirement and the- 
need to avoid contamination of adjoining areas by 
the microorganisms or the hydrocarbons. However, 
these drains were not provided in the present study 
for practical considerations.
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A control sample, consisting of ballast materials 
obtained from Hornsby Maintenance Centre in which 
no contamination can be detected with naked eyes 
and on touch is obtained (this control sample 
contained 0.38 am of oils / greases per 1000 am of 
dry soil, from experimental results contained in 
Table 9). This sample is tested for oils / greases 
content to show the solid particles (soils and 
ballast) in the uncontaminated grounds within the 
railway areas contain detectable levels of oil and 
grease materials (The above result hence, gives an 
affirmative answer in this respect).
To provide a preliminary comparison of the 
effectiveness of the biodegradation of the target 
oils and greases under different environmental 
conditions, parallel exercises with separate tests 
for oil/grease content are done for samples in 
which a few combinations of the four major factors 
identified for the required bioremediation are 
involved. The operations including water irrigation, 
tilling, fertilizer and leachate additions are 
combined in various ways in these parallel tests. 
These combinations, established from the background 
principles discussed earlier, will be described in
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below.
Basically, four parallel sets of tests involving 
(a) "no action alternative", (b) irrigation and 
fertilizer addition, (c) irrigation and tilling 
with fertilizer and leachate addition, and 
(d) irrigation and tilling and fertilizer addition 
are carried out. These trials are used to check 
for the performance of using these simple methods 
in solving the contamination problems with oil and 
grease materials existing in the SRA railroad yards 
and running lines. For each set of these tests, 4 
batches with 3 samples in each batch are used.
These batches are tested at Day 1, Day 15, Day 26 
and Day 39 respectively.
2.7 Detailed experimental procedure.
(A). Soil samples for leachate preparation were 
collected from railway easement areas (adjoining 
Sutherland Station for the first batch of leachate 
sample, and adjoining Hornsby Maintenance Centre 
for the subsequent leachate samples because of the 
problems with site accessibility). These samples 
were collected with a mini-spade and carried with 
a plastic incubation container (haying a size of
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120mm x 170mm x 300mm approximately).
Contaminated soil / ballast samples were collected 
from the bioremediation test area (see photo A15 in 
Appendix 1 for illustration) designated in Hornsby 
Maintenance Centre (HMC). The contaminated site 
chosen in HMC was about 2 metres x 3 metres, and 
the heavy contamination on it appeared to be fairly 
uniform. The three test areas : "A", having a size 
of 300mm x 300mm; "B", having a similar size of 
300mm x 300mm; and "C/D", having a size of 500mm x 
500mm, could hence be accommodated comfortably in it 
without having to sacrifice the requirement for a 
reasonable uniformity in terms of oil and grease 
contamination among these sites. For all samples 
obtained, each one of them was firstly thoroughly 
mixed with a 1 mm x 10 mm steel flat bar. The sample 
was then divided into four equal parts approximately 
with this steel flat bar and two opposite parts were 
discarded. This is shown as follows in Figure 10.
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(B). Production of leachate samples was as follows:-
1. The following materials were added to 2 kg 
natural soils obtained as described earlier:-
(a) 30 gm - oils and greases.
(Brand: Valvoline XLD was used initially. Oils 
obtained from Hornsby Maintenance Centre were used 
later. This was because the oils could only be 
obtained during the first round of sample collection 
when the soil/bailast samples contaminated with the 
oils and greases and to be used in this study could 
be collected from this site, and time had to be 
allowed for incubation for the leachate collected to 
be impregnated with oil biodegrading microflora).
(b) 2 x 115 gm fertilizer granules.
[Brand: Hortico Rose Fertilizer containing:-
7.0% N (as Ammonium sulphate) + 4.0% P (3.1%
water soluble + 0.7% citrate soluble + 0.2%
citrate insoluble) + 4.0% K & 6.0% K (as
potassium chloride) + 8.5% Ca (superphosphate)
+ 12.0% S (as sulphate).
(As suggested in Fedorak P. M. and Westlake D. W.
S., 1981, this solid slow-release fertilizer was 
used. The amount used was the practical maximum
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that could be added for complete dissolution given 
that no soil tilling was carried out).
2. The soil column in the incubation container was 
watered every day, until the soils and the oils 
were covered with approximately 10 mm of water; and 
similarly before the leachate samples were 
collected. (That was, a 10 mm water depth was 
present and allowed to stand for not less than 15 
minutes on top of the soil column before leachate 
collection.)
(C). Area A and Area B were created in the test 
site located in HMC, as described earlier in section 
A of this experimental procedure.
1. To the contaminated solid particles in the 
polluted ground within Area A, fertilizers were 
added (in situ) at a time interval of approximately 
twice a week together with subsequent water 
irrigation. This area was left untouched otherwise 
throughout the whole test period (39 days) except 
for sample collection. This was to identify how 
oils and greases in the soil / ballast ground would 
be broken down by biodegradation accelerated by 
nutrient addition and water irrigation.
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2. The contaminated solids in the polluted ground 
within Area B was left untouched throughout the 
whole test period. This was to provide a reference 
on how oils and greases in the soil / ballast 
ground would be disintegrated through natural 
biodegradation, i.e., the "No-Action remediation 
alternative".
3. Sample collection was carried out immediately 
before nutrient addition and water irrigation on 
Days 1, 15, 26 and 39.
Both Area A and Area B were fenced off with steel 
pegs driven into the ground at the four corners of 
the areas, with light yellow nylon string looping 
around these steel pegs to form a plan square 
approximately, and with white clothes attached to 
the nylon string on which clear visible words 
"DANGER, PLEASE KEEP OUT" printed in red paint, and 
with a little bit clean ballast to cover up the 
steel pegs so that the corners were clearly visible.
The method used to check for the biodegradation of 
the hydrocarbons (HÇs) identified in Area A from 
where past spillage / contamination on and below 
the ground was reported, is shown in next page.
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Figure 11: In situ bioremediation experiment:-
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Both fertilizer and water were added and 
"A" samples (Ala-A3a, Alb-A3b, Alc-A3c 
and Ald-A3d) withdrawn from this test area 
regularly afterwards to check for the HC 
contents (i.e., oils / greases / fuel / other HCs)
Liquid and soluble fertilizers were used in Area A 
for a convenient and relatively uniform nutrient 
application, and to cope with the practical site 
environment. The composition is shown in next page.
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The composition of the fertilizer mix added in Area 
"A" was as follows.
10 mL of "Bass Liquid Potash" aqueous fertilizer 
containing:-
2.6% N (1 part of N as urea + 1 part of N as 
Ammonium) + 11.6% P (water soluble) + 25.8% K (as
Potassium Phosphate)
(Total weight of the aqueous fertilizer added 
= 16 gm approximately as its specific gravity is 
said to be about 1.6).
PLUS 2 x 10 mL (weighing 23 gm approximately) fast 
acting soluble fertilizer containing:- 
23.0% N ( 1.8% as Mono-Ammonium phosphate AND 2.6% 
as Potassium Nitrate AND 18.6% N as urea)
+ 4.0% P (Mono-Ammonium phosphate) + 18.0% K
(7.8% as Potassium Nitrate AND 10.2% as Potassium 
Chloride) + less than 0.4 % other useful trace 
elements
PLUS 12 x 10 mL of clean water.
(D). Area C/D was created in the test site located 
in HMC, as described earlier. This test site was 
about 500mm x 500mm in plan approximately and the
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location of which was very close to Area A and 
Area B. It was named as "Area C/D" because both "C" 
samples and "D" samples were collected in this area.
Two sets of samples (Cla-C3a, Clb-C3b, Clc-C3c, 
Cld-C3d; Dla-D3a, Dlb-D3b, Dlc-D3c, Dld-D3d) 
containing soils / ballast contaminated with oils 
and greases were collected, each with twelve bottles 
and half filled with the contaminated solids, in 
each of them. These two sets of samples were used 
for different treatments as described in below.
1. For "C" samples, water, fertilizers and leachate 
were added to the contaminated solids collected from 
the polluted ground in HMC in sample bottles, which 
were tilled frequently with the 1 mm x 10 mm steel 
flat bar. Fertilizers (26.9 gm fertilizer granules, 
Brand: Hortico Rose, the composition of which has 
been described earlier) were added to "C" samples. 
Clean water having a volume of 12mL (i.e., weighing 
12gm) was added with the fertilizers.
2. 300 mL of leachate was obtained as described in 
section B and was further incubated for 2 days with 
the same amount of nutrients described above. An
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aliquot of 20 mL was withdrawn after the leachate 
sample was shaken, and added to each "C" sample in 
Day 4, Day 18 and Day 29.
3. For "D" samples, only fertilizers and clean 
water were added as for the "C" samples to the 
contaminated solid particles collected from polluted 
ground in sample bottles, which were then tilled 
frequently. Leachate addition was omitted.
4. Both "C" and "D" samples were tilled twice daily. 
Each sample bottle was tilled violently by a 1 mm x
10 mm steel flat bar and shaken by hand for several 
times.
E. As with the sample collection for "A" samples 
and "B" samples, the "C" samples and the "D" 
samples were delivered to Redfern Scientific 
Services Department chemistry laboratory at Day 1, 
Day 15, Day 26 and Day 39 for the determination for
011 and grease content.
F. A "clean" (oil and grease could not be identified 
on touch and with observation) soil / ballast 
sample and a leachate sample were also sent for 
similar tests to serve as controls.
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G. Oil and grease content was determined as follows.
1. The whole of each sample was extracted with 
Freon 113, having a volume of approximately 300 mL. 
The extracted organic phase was filtered off and 
was evaporated on a water bath and then dried in an 
oven at 70^0.
2. The remaining content (oils and greases) was 
weighed to the nearest 0.01 gm. (preferably to
1 mg) .
3. The soil / ballast solids were dried at 100°C 
for 2 hours and weighed to the nearest 1.0 gm.
H. The samples were labelled as follows:
A -- with in situ bioenhancement by adding 
fertilizer mix and watering.
B —  no bioenhancement at all.
C —  with controlled bioenhancement including
addition of fertilizer, leachate and water; 
and tilling under controlled conditions.
D —  similar to "C" but without the addition of 
leachate.
1, 2 or 3 refer to replicated samples nos. in the 
set of samples involved.
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a, b, c, or d refer to sample sets a, b, c or d 
respectively:-
* "a" was the initial sample obtained on Day 1.
* "b" was the sample obtained after the described 
bioremediation treatment at Day 15.
* "c" was the sample obtained after the described 
bioremediation treatment at Day 26.
* "d" was the sample obtained after the described 
bioremediation treatment at Day 39.
Labels were sticked onto the sample bottles to 
show the names of the samples including "Control 
sample"; "Leachate sample" and,
Ala, A2a, A3a ; Alb, A2b, A3b ;
Bla, B2a, B3a ; Bib, B2b, B3b ;
Cla, C2a, C3a ; Clb, C2b, C3b ;
Dia, D2a, D3a ; Dlb, D2b, D3b ;
Ale, A2c, A3c ; Aid, A2d, A3d .
Blc, B2c, B3c ; Bid, B2d, B3d .
Clc, C2c, C3c ; Cld, C2d, C3d -
Die, D2c, D3c ; Did, D2d, D3d -
Note: See Appendix 8 for calculations for the 
hypothetical nutrient levels in the 
bioremediation samples.
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CHAPTER THREE 
RESULTS AND DISCUSSIONS.
The results obtained can be divided into three parts 
obtained respectively from:
(a) literature search;
(b) survey (observation and interviews);
(c) bioremediation experiments / trial.
3.1 literature search: The findings obtained are 
related to either the nature or the causes of the 
oil and grease contamination problems involved in 
the CityRail system or the identification of the 
potential solutions for some of these problems.
Since these findings are included in the relevant 
sections for the convenience in reading this thesis, 
they are not repeated here. Instead, a brief 
introduction of these problems and potential 
solutions is included for a convenient overview.
3.1.1 The problems:
Six types of major problems were reviewed in the 
literature, and have been described earlier in 
Chapter 1. These problems arise respectively from:-
. oils used in electrical transformers or similar
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electrical equipment (e.g., State Rail Corporate 
Public Relations, 1993; Stigant and Franklin,
1976);
. lubrication of "old" train electromotive engines 
(e.g., Appendix 6);
. lubrication exercises in train workshop (e.g., 
Evans, Galvin, Robertson and Waller, 1972);
. oils and greases used in point motors and switch 
transmission rods (e.g., Heeler, 1979);
. train washing facilities or stabling areas (e.g., 
SRA System Review Implementation Group, 1986; 
see also "Summaries of the interviews" in the next 
section of this chapter); 
and
. lubrication of rails (e.g., Heeler, 1979).
The aggravation of these problems caused by the use 
or formation of oil-in-water emulsions have also 
been discussed earlier (see sections 1.3 and 2.4.1).
3.1.2 The solutions
Several types of solutions are considered to be 
feasible in the literature. They include:­
. bioremediation (e.g., Foght and Westlake, 1992);
. engineering approaches (e.g., Serne and Wilson,
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. management measures (e.g., Harvey and Hickley, 
1991); and
. other methods (e.g., Nemerow, 1978).
Solutions to be adopted are mainly determined by 
the sources of the problems. A focus in the 
literature search for bioremediation solutions of 
CityRail’s oil and grease contamination problems 
(see section 2.4) has been made in this thesis 
because if it is feasible, it is usually the 
cheapest and the most convenient oil and grease 
scavenging method. The decomposition of oils, 
greases or other hydrocarbons involved in most 
cases into mainly carbon dioxide and water,
(Eckenfelder, 1966) and other inorganic compounds 
means that it is a more environmentally friendly 
approach than other feasible solutions to these 
contamination problems.
3.2 Survey (observations and interviews): The
findings from the interviews carried out with 
SRA staff are summarized in the following pages.
1978);
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3.2.1 Summaries of the interviews carried out with 
SRA staff.
(A.) Locations: Redfern Signal Complex, PAP siding, 
Central and signalling sub-depot and equipment 
at Redfern Station.
SRA manager involved: Mr. K Heward and his 
colleaques.
.Awareness of contamination/ environmental problems 
Oils and greases were identified mainly around 
point motors, supply to "type e point control 
valve" made by WH (Westinghouse) and WH's "Brake 
and Signal" train stop. No oil and grease was used 
in signalling relays and hence no contamination 
problem was expected there.
.Extent and areas affected by the problems:
The problem areas were patchy in nature and were 
located mainly around operational equipment. Both 
hydraulic oils and transmission oils were involved
.Period over which these problems have lasted:
The problems came when the equipment became old. 
Some were long standing contamination areas.
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( A  ... Cont' d)
.Causes of the problems:
Wear and tear and imperfect fitting of piston to 
cylinder were the main causes.
.People causing these problems:
Contamination arose naturally (It may mean this 
was an inherent design fault, or came from 
practicality considerations).
.Other relevant information (e.g. report/document, 
etc. )
Nil, but it was observed by the researcher that no 
area of contamination was observed in a few areas 
where the equipment involved were apparently 
fairly old.
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SRA manager involved: Mr. N Ronan, Mr. J Love 
and their colleaques.
.Awareness of contamination/ environmental problems 
Some contamination areas were identified which 
included locations around an oil supply point, at 
four foot (see later), areas of stabling tracks, 
at point control systems, at one spilled location, 
at the corner between two buildings and around 
transformers.
These contamination areas were aware of by depot 
staff. Some bitumen lumps were also found.
.Extent of the problems:
The problem areas were patchy in nature although 
some areas were over 1 to 2 square metres in area.
.Areas affected by the problems:
All areas were well within this depot and were 
rarely located over concrete paved areas.
.Period over which these problems have lasted:
It was believed that some of these problems were 
around almost shortly after this depot was
(E3) Locations: Hornsby Maintenance Centre.
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( B  ... Cont ' d) 
operational.
.Causes of the problems:
Numerous causes might be involved, which included 
design of train engine and point system, lacking 
of oil refilling dry break coupling, (and 
unauthorized dumping as witnessed by the further 
contamination of the researcher's in situ 
bioremediation test area).
.People causing these problems:
Depot facilities designer as well as maintenance 
workers might be involved.
.Other relevant information (e.g. report/document, 
etc. )
Some depot staff were very interest in the details 
of the trial bioremediation arranged in this depot.
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SRA manager involved: Mr. Walsh.
.Awareness of contamination/ environmental problems 
No, except potential problems with use of PCB in 
transformers. It was stated that it might be 
because the substation facilities in the areas 
managed by this district electrical engineer were 
quite new.
.Extent of the problems:
Not applicable.
.Areas affected by the problems:
Not applicable.
.Period over which these problems have lasted:
Not applicable.
.Causes of the problems:
Not applicable.
.People causing these problems:
Not applicable.
.Other relevant information (e.g. report/document,
(C!) Locations: Hurstville Electrical Substation.
etc.)
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(C  ... Cont'd)
Mr. Walsh was interested in bioremediation. A paper 
on PCB bioremediation held by the researcher was 
photocopied by him for his own reference.
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SRA manager involved: Mr. B Hogan.
.Awareness of contamination/ environmental problems 
Mr. Hogan showed me the heavy oil contamination in 
the four foot (see later) areas in the "Dock 
Siding" and in Albion Park Station to which he was 
well aware of.
.Extent of the problems:
The trackbed ballast and the substrate under it 
was completely soaked with contamination oil 
stretching for tens of metres along the four foot.
.Areas affected by the problems:
Mainly the four foot but apparently a small amount 
of the trackside ballast was also affected.
.Period over which these problems have lasted:
This problem has been present for years.
.Causes of the problems:
It was reported to be caused by oils / greases 
dripping from "old" diesel trains shown in 
Appendix 6, the maintenance of which is in Port 
Kembla depot.
(D) Locations: Wollongong Station and Yard.
80
( D  . . . Cont'd)
.People causing these problems:
Designers of this type of trains might be blamed, 
but the unpopularity of environmental protection 
when these trains were designed was another 
contributing factor.
.Other relevant information (e.g. report/document, 
etc. )
Photos included in Appendix 6 and other photos 
included in Appendix 1 of this thesis provide 
illustrations to this type of problems which was 
reported to be happening also in Dapto, Kiama, 
Shellharbour, Berry and Bomaderry Stations.
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(E) Locations: SRA District Electrical Engineer’s 
Office at Regent Park and later the substation 
at Blacktown.
SRA manager involved: Mr. Warwick Jackson and 
his colleaques.
.Awareness of contamination/ environmental problems 
The problems were well aware of and was reported 
to the Environmental Engineering Management Unit 
(EEMU).
.Extent of the problems:
Under the transformers and over the oil drum 
storage areas, very wet oil contamination patches 
were still apparent.
.Areas affected by the problems:
Only patchy areas within the bund around this 
substation, mainly under electrical equipment or 
over storage areas were contaminated.
.Period over which these problems have lasted:
They have happened since early this year. Some 
"blue metals" were removed for remedial treatment.
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Causes of the problems :
Oil spilt over from transformers, oil conservators 
and oil drums were the main causes of the problems.
.People causing these problems:
Oil leaked out when equipment became old which was 
not allowed for in the original equipment design. 
Spilling also occurred during oil topping up to 
make up loss and to replace deteriorated oils.
.Other relevant information (e.g. report/document, 
etc. )
A draft report produced by EEMU was referred to. A 
diagram showing the oil cycling in this substation 
is also included in Appendix 2.
( E  ... Cont'd)
83
SRA manager involved: Mr. K Moloney and
Mr. A Maguire.
.Awareness of contamination/ environmental problems 
Substantial problems only arose in accidents and 
very good house keeping with oil separator 
installed was reported.
.Extent of the problems:
Only very minor problems were reported.
.Areas affected by the problems:
A few small patchy areas only was reported.
.Period over which these problems have lasted: 
Problems was only reported sporadically.
.Causes of the problems:
Careless people who were not familiar with 
the equipment in use in this workshop caused 
unintentional damage to the system and hence 
spills arose.
.People causing these problems:
The past problems were mainly caused by careless 
people but there were concerns about potential
(F ) Locations: CREC (City Rail Equipment Centre).
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vandalism although the chance of having such 
incidence was considered to be remote.
.Other relevant information (e.g. report/document, 
etc. )
Some water board tests on soil and water quality 
were carried out but the results were not 
available.
Some in depth discussions on bioremediation were 
also made and staff in this depot showed interests
(IF' ... Cont' d)
in this respect.
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SRA manager involved: Mr. D Tritton.
.Awareness of contamination/ environmental problems 
Only minor oil contamination problem was aware of.
.Extent of the problems:
Only minor problems were involved.
.Areas affected by the problems:
A few small patchy areas of oil stains were 
present.
.Period over which these problems have lasted:
These problems occurred sporadically.
.Causes of the problems:
Lacking of a proper vehicle washing compound was 
said to be the cause of the problems.
.People causing these problems:
Funding was not available for provision of vehicle 
washing areas on which oil stains running onto the 
floor could be removed easily. Hence, the problem 
was reported to be caused by those who held up 
funding approval (because of existence of other 
high priority budget items probably).
(G) Locations: Werrington Station and Yard.
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.Other relevant information (e.g. report/document, 
etc. )
Point control system and trackbed ballast in 
Werrington Station were very "clean" in terms of 
oil and grease contamination. It was reported that 
this was because no "old" diesel train was running 
on this line. It was also reported that this was 
not the case in Richmond Line branching out from 
Blacktown Station because the "old" diesel trains 
shown in Appendix 6 were running on that line.
( G  ... Cont ' d)
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(H) Locations: Freight Rail Headquarters at 
Parramatta.
SRA manager involved: Mr. B Jack.
.Awareness of contamination/ environmental problems: 
Freight Rail managers were aware of that Freight 
Rail had similar oil and grease contamination 
problems (to those present in CityRail).
.Extent and areas affected by the problems:
It was expected that the problems involved would 
be greater than those identified in CityRail.
.Period over which these problems have lasted:
These problems would have arisen since the "old" 
diesel trains started to run on country links.
.Causes and people causing these problems:
The cause of the problems was that the design of 
the "old" diesel trains did not include facilities 
to contain the leaking out of oils and greases used 
in their engines. Although it was a design fault, 
it was strictly speaking not only the fault of the 
designers involved for practicality reason but that 
oil and grease contamination was not concerned 
seriously before environmental protection became
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popular since late 1970's.
.Other relevant information (e.g. report/document,
etc. )
Remediation actions were either being considered
or being implemented by Freight Rail. They included
(a) use of collection pan under the train engine;
(b) digging out of contaminated materials and 
replacement of these materials;
(c) improvement of diesel engine design;
(d) use of dry break coupling during oil topping 
up;
(e) use of oil absorbing matting, a sample of 
which was obtained; (see also page 142 for 
another example from IRJ), and
(f) use of bioremediation approaches with freezed 
dry bacteria and employment of specialists as 
the case in the landfarming depot at 
Broadmeadow near Newcastle, a zerox copy of 
whose photo was also obtained .
(H  ... Cont'd)
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SRA manager involved: Mr. A W  Pirie.
.Awareness of contamination/ environmental problems 
Oil and grease contamination was thought to be 
minor and scattered.
.Extent and areas affected by the problems:
Extent of oil and grease contamination should be 
negligible and confined within CityRail areas as 
no oil containing cables were in use in the 
CityRail system. The actual content of the oils 
and greases in use was difficult to identify as 
they were bought on performance basis and 
because the inherent complexity of these materials
.Period over which these problems have lasted:
Not known but these problems would have been 
there since this railway system became operational
.Causes and people causing these problems:
No comment was made.
.Other relevant information (e.g. report/document, 
etc.)
Nil. Permission was given for the researcher to
(X) Locations: York Street CityRail Headquarters.
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look into some of the relevant files kept by 
Redfern Scientific Services Department. The GC 
records of a few "beach grease" samples were found 
in these files.
(X ... Cont'd)
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3.2.2 Summary of information obtained
from interviews and observations:-
3.2.2.1 Substations
In some substations which were said to be 
"relatively old" (including Hornsby and Blacktown 
substations), several patches of oil / grease 
contaminated areas were found below transformers, 
around oil conservators and within oil drum storage 
areas. The ballast materials in these areas were 
Stained with the rnntaminantf and hence the* -s q  
-called "blue matais1 we re formed. For Blacktown 
Substation, the situation was reviewed in a staff 
interview and was later confirmed in a site visit. 
The conditions of Hornsby Substation were observed 
from its boundary fencing. This was not the case in 
some other substations which were said to be 
"relatively new" (including those in Hurstville and 
Sutherland Stations and just before Coal Cliff 
Station). The areas in these locations were all 
fairly "clean" in terms of oil/grease contamination. 
The areas around the transformers located in the 
CityRail Equipment Centre were also comparatively
clean.
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Around switchgear installations and most trackside 
signal relays, no apparent oil/grease contamination 
was observed. The reason for this was either that 
no oil was used in these installations, or that the 
amount used was so minimal that it should not have 
caused any apparent oil / grease contamination 
problems.
3.2.2.2 Points and Switches
Areas around points and rail switches in most areas 
within CityRail's operating railway were 
contaminated with heavy oil patches. These patches 
usually occupied long and narrow strips within the 
"four foot" or at the adjoining trackside areas in 
which these point motors, or point control valves, 
or "brake and signal" train stops and point 
connection rods were located. Points and switches 
were generally located at both ends of railway 
stations where turnouts in crossover tracks and 
overrun tracks were located or at depot fans or 
shunting tracks or stabling areas. Hence, they were 
usually scattered at large intervals and carried 
with them heavy localized contamination patches. 
However, for a few point control systems located in 
Hurstville and in the Emu Plains Line between
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Werrington and Westmead stations, the areas around 
these points were practically clean.
3.2.2.3 Four Foot (shown in below).
Four foot, originated in British Railways, is a term 
widely used nowadays. It refers to areas in between 
the gauge profile of the two rails making up a 
railway track. This is described diagrammatically in 
below (Heeler, 1979).
Diagrammatical Description of Four Foot (in a 
photograph, or Figure 12):-
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Diagrammatical Description of Four Foot (Cont'd):- 
(Figure 13)
In general, no significant contamination of ballast 
materials within or adjoining the "four foot" area 
of a running line was found. This was, however, not 
the case in the South Coast Line and a few other 
locations or stations where isolated stretches of 
oil/grease contamination could be observed. These 
areas are described as follows.
In many stations, oil / grease contamination was 
identified in the "four foot" areas where a train 
"dwelled" if it stopped at that station. This 
oil / grease contamination was found to be more 
serious at interchange areas where trains needed to
' "Fo u r Fb e C
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dwell for much longer periods of time to allow 
passengers to change trains. The extent of these 
problems varied within wide limits. In some 
stations, only a few isolated patches of oil or 
grease contamination were seen (e.g., Carton, 
Thornleigh). At many other stations, widespread 
patches of oil or grease contamination were found 
(e.g., North Wollongong, Sutherland, Mortdale, 
Redfern, Central, Hornsby). When some old diesel 
trains (e.g. those shown in Appendix 6) or diesel 
wagons were running on the tracks located in these 
areas, oil or grease dripped onto "four foot" and 
trackside areas very close to the rails and 
accumulated there to form very heavy, thick, dark 
black and continuous patches of oil stains on 
ballast materials (e.g., Wollongong, Town Hall, 
Central). In a few stations which were often visited 
by these old model trains, the ballast materials 
within the tracks were heavily soaked with oil / 
grease (e.g., Wollongong Station Dock Siding, Albion 
Park, Dapto, Shellharbour).
The trackbed for the five City Circle stations 
(Central, Town Hall, Wynyard, St James and Circular 
Quay) was covered with a patchy layer of oil-like
96
dark materials. Three other stations visited (North 
Sydney, Kogarah and Hurstville) were relatively 
"clean". The common characteristic of these stations 
are that they are either located "underground" or 
covered with cladding.
This is probably because for the five City Circle 
stations, it is necessary to cushion against 
vibration of the trackbed created by operational 
tracks and this elastic cushion material retains 
contaminating oils and greases. On the other hand, 
ballast tracks are present in the other three 
stations and hence most of these contaminating 
materials infiltrate with time down to trackbed 
substrate leaving only a portion behind on the four 
foot and the adjoining areas.
The four foot areas in many of the South Coast Line 
were also highly contaminated with some dark powder (cew I 
which could bo nrnnhnd carbon mntP.E3=a3=a. The four 
foot areas at Central, Redfern, Sutherland, Mortdale 
and Hornsby were similarly contaminated. In a few 
other stations like Tempe, Pennant Hills, Thornleigh 
and Strathfield, slight but similar contamination 
was recorded. (Slight means contaminating materials
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appeared to be thinner, lighter in colour and were 
scattered at much wider intervals. Carbon materials 
were present because a coal mine is present near 
Coal Cliff Station and coal trains are running 
frequently in these areas).
At short distance from the rail inside faces of the 
tracks located at Redfern, narrow strips of dark 
stains were also observed. This might suggest that 
oil lubrication was splashed by passing wheels to 
stain areas at a short distance from this rail 
wheel interface.
Despite the above description, all CityRail station 
areas were still found to be generally 
environmentally sound in terms of oil and grease 
contamination. First, it is because four foot areas, 
where most of the contaminating materials tend to 
concentrate)!only occupy a small portion of the 
overall station area. Hence, the majority of station 
area remains "clean". Second, for most stations, 
contaminated areas are contained either within 
solid walls, or cut / fill slopes or terrestrial 
vegetation including trees and herbal plant.
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3.2.2.4 Rail Lubricators
Around most rail lubricators, oil / grease 
contamination was found. The geometrical shape in 
plan of these contaminated areas was quite similar 
to that of the contaminated areas commonly found 
around the point motors. The oils contaminating 
these areas were, however, usually thicker. They 
were again spread at wide intervals located mainly 
close to turnout rails and curve rails.
High contaminations in this respect were found near 
Hornsby, Central, Redfern, Mortdale, Sutherland and 
Lindfield, and in the Hornsby Maintenance Centre.
The oil lubricators were usually 600 mm long x 
300 mm in diameter ( approximately). For tracks on 
the Emu Plains Line between Westmead and Werrington 
Stations, the contamination was substantially less 
relatively. This may be because the plan and profile 
of these railway tracks were straighter that oil 
lubricators were hence placed at very large
intervals.
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Contaminated areas were generally found at locations 
around oil supply points, at four foot, areas of 
main stabling tracks and around point control 
systems. These contamination areas were usually 
found to be ballasted areas , and unlike what might 
be expected, most concrete surfaces inside main 
train workshops and within acid wash plants, where 
"dirty" trains stained with oils and greases were 
cleared, were quite "clean". This suggests that it 
is the inherent characteristics of some trains to 
produce oil leakages arising probably from faulty 
design or ageing. If special bays are assigned for 
these trains, the rather "clean" appearance of other 
maintenance bays can be kept effectively. It was 
also understood that facilities were present in 
these workshops to collect oils and greases scoured 
down to the floor for recycling and spilled oils or 
greases were only found at isolated locations around 
storage areas and transformers.
Moreover, oil and grease spillage in some areas was 
found to spread on and below the ground surface, or
3.2.2.5 Depot, Workshop, Maintenance Yard and other
areas where maintenance facilities are
located
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to the adjoining waterways around these spillage 
areas. Typical examples for these spillage areas 
included areas around containers of oils and greases 
and the main reasons for this spread was the long 
standing contamination in these spillage areas. The 
common types of oil and grease containers found in 
the CityRail system, where oil and grease spillage 
often arised included oil conservators and oil drum 
storage areas located within main train depots, 
workshops, substations, maintenance yards, and 
permanent-way materials maintenance areas. The 
usual locations of leakage included hose unions, 
hoses, pump glands, storage tanks, valves, filters, 
flange joints and nozzles. The most vulnerable areas 
for fuel leakage included locomotive fuelling areas 
and process heating distillate storage areas. (SRA: 
SRIG, 1986). However, contamination level was found 
to be not substantial in general. No significant 
oil and grease contamination was found around the 
oil pumping pipelines observed. In some areas with 
good house-keeping, contamination with oils or 
greases was rare, or absent.
None of the fuel tanks or fuel storage areas was 
visited. Therefore, no comment could be offered with
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respect to them. However, it was noted that fuel 
spillages occurred in areas where house-keeping was 
far from adequate according to one SRA report 
(SRA: SRIG, 1986).
In permanent way material storage and repair areas 
at Hornsby and at Wollongong, oil or grease 
contaminated areas were rarely identified. Perhaps 
only a spot or two of this type of area could be 
found when observations were made carefully and 
repeatedly. In depots or maintenance centres, in 
addition to the oil and grease contamination around 
points and transformers, a few isolated patches of 
oil or grease contaminated areas were often 
identified. Some of these areas could be old spills.
However, occasional dumping of oil or grease in 
some of these old spill areas was also noticed. 
Hence, it was likely that some areas were occupied 
by both old and new oil or grease materials.
Railway workshops were generally located within 
areas which were covered with steel sheds and / or 
sitting on concrete slabs. Hence, no environmental 
contamination was expected, provided that treatment 
of effluents discharged from these areas was
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properly carried out. It was noted that this was 
not the case in some areas but it was assumed that 
the relevant water authorities were aware of this. 
Hence, no further investigation was made in this 
respect.
Bitumen lumps were present on ballast areas when 
this material was used for ground paving at some 
nearby locations. Some oil stains arose at the 
transformer bays where leakage occurred from ageing 
of the equipment installed inside these bays. It was 
reported that draining of oils from equipment was 
seldom the cause of the contamination identified. 
However, some SRA managers reported that provision 
of washing facilities at locations where there was 
impervious flooring was essential to contain the 
contamination of ballast materials in a depot / yard 
where oil and grease materials were handled. This 
should be balanced costwise against the long term 
cost of applying other remedial approaches and 
should be budgetted accordingly based on the 
conclusion of these and other exercises.
3.2.2.6 Trackside and Miscellaneous Areas
Examples of these areas include soil substrate
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under ballast areas on both sides of locations 
where oil, grease and other hydrocarbons were 
identified; cut or fill slopes; and soil substrate 
for drainage channels on which drainage, originating 
from four foot areas and other existing oil and 
grease contamination areas, should run.
In general, oil and grease contamination in these 
areas was rare. Some dark patches were found at 
entrances to some of these areas which were a bit 
oily in touch. However, no solid evidence was 
obtained indicating that these isolated patches 
were originated from the operational railway as 
they might be left behind by illegal dumping or by 
delivery trucks gaining access into these areas, or 
the like.
Several waterways adjoining the operational railway 
were visited. They included harbour areas under 
Sydney Harbour Bridge; Cooks River adjoining Tempe 
Station; Wolli Creek adjoining Turrella, Bardwell 
Park, Bexley North and Kingsgrove Stations; George 
River near Oatley Station; Hargraves Creek near 
Stanwell Park Station; Towradgi Creek near Corrimal 
Station; and an unnamed creek (might be part of
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Hornsby Creek) running perpendicular to Hornsby 
Maintenance Centre. Apart from one or two dark 
patches of oil-like materials in some of these 
areas, these waterways were "clean" in terms of oil 
or grease contamination and no oil sheen could be 
seen. Other polluting materials such as rubbish, 
abandoned tyres and chairs, etc., could be seen at 
a few locations but they have no connection with 
CityRai1.
The cut or fill slopes were observed from CityRai1 
trains. The trackside slopes at Central, Hornsby, 
Sutherland and North Wollongong were also checked 
for oil and grease contamination. Again, one or two 
dark patches of oil-like materials could be seen in 
some of these areas. Otherwise, these slopes were 
"clean" in terms of oil or grease contamination and 
no oil patches could be observed.
The trackside ballast materials and their soil 
substrate, and the soil ground surface outside these 
ballast areas were found in general to be quite 
"clean". A few isolated stains of oil or grease 
were found in Wollongong, Redfern and Hornsby but 
this did not affect the general "cleanliness" of
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these trackside areas.
Contamination was found to be minimal in areas where 
the subsoil in the ground should be vulnerable 
(e.g., at areas located at both sides of the ballast 
areas on which oil, grease, coal or other HCs were 
identified) in that only a handful of small and 
isolated stains were found at each station. Along 
the courses which should have been occupied by 
water running off from contaminated sites, no oil 
sheen or film or grease slick was apparent. For 
practical reasons, no trial pit was sunk at these 
areas, it was hence uncertain if underground water 
at these areas was completely free of oil or grease 
materials coming from contaminated areas. What could 
be concluded was that the presence of substantial 
contamination in these areas was unlikely.
3.2.2.7 Miscellaneous
In long-standing contaminated areas, oil or grease 
materials were found to penetrate fairly deep into 
the substrate (see photo B20 in page 107). In a 
couple of test areas where trial pits were sunk, 
penetration exceeding 200 mm was identified. (Note 
that this was the practical depth of a pit that
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could be sunk with small hand tools, not the maximum 
penetration of oil or grease materials staying on 
ground level). The lateral spreading of 
contamination was found to be minimal.
Photo B19: A look at the trial pit sunk in the
contaminated site.
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Photo B20 : A closer look at the trial pit sunk to 
determine the downward penetration of existing 
contaminating oils and greases into the ballast
ground.
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3.3 Discussion of the survey records.
In obtaining the summary of survey records included 
earlier, no specific measurements were made to 
quantify the contaminated areas as initially 
planned. First, this was because of the patchy 
characteristics of most contaminated areas. Second, 
the number of patches involved was so large that it 
was quite impracticable to carry out any meaningful 
measurements alone. This was further aggravated by 
high irregularity of most patches except for a few 
large patches occupying a long strip of "four foot" 
in a running track and last, there was a great 
variation in size of these patches. Therefore, 
contaminated areas were recorded only in terms of 
their major features. Most observations for these 
contaminated areas were also made at distance as it 
was dangerous to observe closely when the areas 
were located on the operating railway or in close 
proximity to dangerous equipment (e.g., high 
voltage equipment). Hence, the accuracy of the 
observations made was only moderate despite every 
effort being made to ensure the accuracy as far as 
possible.
The areas covered in the survey exercises carried
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For example, only the Hornsby Maintenance Centre, 
Wollongong Station and Yard, CityRail Equipment 
Centre and Werrington Station and Yard were 
involved in the present survey, it is suggested 
more extensive survey needs to be commissioned if 
more solid conclusions are required. This was also 
because these yards and depots were located wide 
apart and even their approximate locations were 
difficult to pick up from the railway network 
diagrams. Without the information regarding the 
whereabouts of these depots and yards, observations 
at distance were not possible and hence the amount 
of information gathered was small.
out were limited, so any extension of the results
to the whole CityRail system should be treated with
caution.
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3.4 Bioremediation experiments / trial.:
The results obtained are summarized as follows:- 
Experimental results —  Category 1:
These tests are carried out in accordance with the 
USEPA method using solvent extraction procedure 
with Freon 113 as highlighted in page 68, para. G 
of "experimental procedure". Results were obtained 
from the Redfern laboratory on oil and grease 
content for each of the following samples
Ala, A2a, A3a ; Alb, A2b, A3b ;
Bla, B2a, B3a ; Bib, B2b, B3b ;
Cla, C2a, C3a ; Clb, C2b, C3b;
Dla, D2a, D3a - Dlb, D2b, D3b -
Ale, A2c, A3c ; Aid, A2d, A3d ;
Blc, B2c, B3c ; Bid, B2d, B3d;
Clc, C2c, C3c ; Cld, C2d, C3d ;
Die, D2c, D3c - Did, D2d, D3d -
(Totally, 4 sheets of results and 1 graph are 
enclosed.)
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Date on which the following test results were 
released by the SRA Redfern Scientific Services 
Laboratory: 8 September, 1993- Table 5
Experimental results —  Category 1: Page 1.
Sample Mark Oil & Grease Weicrht of Oil Content 1
Content Dried Sample /1000 ams of!
(gins) (gins) Dry Soil !
A l a 2.904 507 5.73 !
A 2 a 2.668 403 6.62 !
A 3 a 4.419 409 10.80 !
B 1 a 2.211 429 5.15 i
B 2 a 2.790 435 6.41 !
B 3 a 3.430 460 7.46 !
C 1 a 2.211 279 7.92 !
C 2 a 3.073 233 13.18 j'
C 3 a 1.572 163 9.64 j
D 1 a 2.686 288 9.33 !
D 2 a 2.475 271 9.13 !
D 3 a 3.790 294 12.89 i
Note: Since this test report "shall not be reproduced
except in full", the Xerox copy of this test
report is attached at the back of this page.
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Date on which the following test results were 
released by the SRA Redfern Scientific Services 
Laboratory: 17 September, 1993. Table 6
Experimental results —  Category 1: Page 2.
Sample Mark Oil & Grease Weicrht of Oil Content
Content Dried Sample /1000 ams of
(gins) (gins) Dry Soil
A l b 1.16 302 3.84
A 2 b 1.22 311 3.94
A 3 b 1.63 313 5.21
B i b 1.36 267 5.08
B 2 b 1.45 244 5.94
B 3 b 1.07 297 3.60
C 1 b 0.81 259 3.14
C 2 b 1.59 259 6.14
C 3 b 0.67 264 2.54
D 1 b 1.29 239 5.41
D 2 b 2.02 280 7.23
D 3 b 0.71 185 3.81
Note: Since this test report "shall not be reproduced
except in full", the Xerox copy of this test
report is attached at the back of this page.
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Date on which the following test results were 
released by the SRA Redfern Scientific Services 
Laboratory: 6 October, 1993. Table 7
Experimental results —  Category 1: Page 3.
Sample Mark Oil & Grease Weiaht of Oil Content !
Content Dried Sample /1000 ams of!
(gms) (gms) Dry Soil I
A l e 1.55 297 5.2 j
A 2 c 2.54 281 9.0 j
A 3 c 2.06 295 7.0 !
B 1 c 1.15 255 4.5 J
B 2 c 1.77 281 6.3 !
B 3 c 1.34 279 4.8 \
C 1 c 1.00 317 3.2 j
C 2 c 0.56 319 1.8
C 3 c 1.08 353 3.0 j
D i e 0.40 285 1.4 !
D 2 c 0.36 313 1.2 |
D 3 c 0.34 225 1.5 j
Note: Since this test report "shall not be reproduced
except in full", the Xerox copy of this test
report is attached at the back of this page.
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Date on which the following test results were 
released by the SRA Redfern Scientific Services 
Laboratory: 14 October, 1993. Table 8
Experimental results —  Category 1: Page 4.
Sample Mark Oil & Grease Weiaht of Oil Content
Content Dried Sample /1000 crms of
(gins) (gins) Dry Soil
A i d 1.04 270 3.9
A 2 d 1.43 273 5.2
A 3 d 1.10 356 3.1
B i d 1.12 286 3.9
B 2 d 1.11 308 3.6
B 3 d 1.19 293 4.1
C 1 d 0.95 293 3.2
C 2 d 0.28 341 0.8
|
VCOU 1.13 310 3.6
D i d 0.24 293 0.8
D 2 d 0.43 281 1.5
D 3 d 0.22 256 0.9
Note: Since this test report "shall not be reproduced
except in full", the Xerox copy of this test
report is attached at the back of this page.
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Experimental results —  Category 1.
Figure 14: Graphs of the test results obtained.
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Date on which the following test results were 
released by the SRA Redfern Scientific Services 
Laboratory:-
17 September, 1993 for "Control sample".
14 October, 1993 for "Leachate sample".
(Note: see the attachment at the back of pages 112 
and 114 respectively for the full details of 
the relevant reports.)
Experimental results —  Category 2.
Table 9
Sample Mark Oil & Grease Weiaht of Oil Content
Content
(gms)
Dried Sample 
(gms)
/1000 ams of 
Dry Soil
Control
sample
0.06 146 0.38
Leachate
sample
30 mg /
/ L
—  n/a — —  n/a --
117
pH Test:-
Experimental results —  Category 3, Page 1:-
Tests for sample pH and sample observations for the
same samples included for "Category 1".
Sample No. Ala B3a C2a D3a: Clb D3b Clc D3c
Day < — D 1 —  >
PH 6.0 6.5 5.5 6.5: 5.5 5.0 5.5 6.5
Table 10
Sample No. Cld D2d A* B~
Day < — D 1 —  >
pH 6.0 6.0 6.0 6.5
Note:
A* : in situ 
testing 
of pH. 
in
Area A.
Table 11
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Experimental results —  Category 3, Page 2:-
pH Test :-
: Sample No. Clb D3b C3c D2c Cld D2d A* B*
: Day < — D 5 —  >
: pH 5.5 5.0 5.5 6.0 5.5 5.5 6.0 6.5
Table 12
Sample No. C2b D3b Clc D3c C2d D2d A* B- :
Day < — D 9 —  > :
pH 5.0 5.0 5.5 5.5 5.0 5.0 5.5 6.5:
Leachate sample at D 9 was 5.5.
Table 13
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Experimental results —  Category 3, Page 3:-
pH Test :-
Sample No. C3b D3b C2c D2c Cld D3d A* B*
Day A11i—1Q11V
i 
.
.
.
.
.
.
 
i
PH 4.5 5.0 5.0 5.0 5.0 4.5 6.0 5.5
Table 14
Sample No. Clc D3c C2d D2d A* B*
Day A11r­HpiiV
pH 5.0 4.5 4.5 4.0 6.5 6.0
Table 15
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Experimental results -- Category 3, Page 4:-
pH Test :-
Sample No. : Clc : Die : C3d Did A*
Day : < — D 21 —  >
pH : 4.5 : 4.0 : 5.0 4.5 6.0 6.0
Leachate sample at D 28 was 4.5.
Table 16
Sample No. C3c D2c Cld D2d A* B~
Day <—  D 25 — >
PH 4.5 4.0 5.0 4.0 6.5 6.5
Table 17
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Experimental results -- Category 3, Page 5:-
pH Test:-
Sample No.:Cld D2d A* B~ : C2d D3d: A* B~
Day : <--- D 28 —  > : < — D 31 —  >
pH : 4.5 4.5 6.0 5.5: 5.0 O 
1 
VO 
1
O 
1
in 
i
i ...... i
6.0
Table 18
Sample No. C3d: Did: A* : B* Cld: D2d: A* : B~
Day <—  D 35 — >
| 
..
..
. 
w 
,
A 1 a U) 00 1 1 V
pH 5.5: 5.0: 6.5: 5.5 5.0: 5.5: 6.5: 6.0
The pH of the leachate sample at D38 was 4.0. 
The pH of the leachate sample at D40 was 4.5.
Table 19
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Sample observations:-
Observations were made on the samples throughout the 
test period (Day 1 to Day 39). Some common features 
were recorded which are summarized as follows.
(i) Increasing water turbidity in the samples was 
recorded.
(ii) The materials in the samples became increasing 
gluey and darker. On drying, these materials 
were cemented together weakly to form an 
integrated dark black mass. This suggested the 
presence of bacteria membrane polymer, an 
indicator of oil and grease biodegradation.
(Smith, 1991).
(iii) The sample materials were increasingly sticky 
and stuck to the wall of the glass sample 
bottles during the sample tilling exercises.
An increase in viscosity was also noted when 
the samples were tilled.
Experimental results —  Category 3, Page 6:-
Tests for sample pH and sample observations for the
same samples included for "Category 1".
123
Sample observations (Cont'd):-
(iv) On drying, white flakes adsorbing to the wall 
of the glass sample bottles were observed. 
This suggested emulsification of oils and 
greases in the samples, another symptom of 
oil and grease biodegradation (Smith, 1991).
(v) The initial pH drop which was stabilized 
later with some slight pH increase at the end 
of the test period suggested a presence of 
both aerobic and anaerobic biodegradation of 
the oils and greases in the test samples 
(Nemerow, 1978).
However, given the low accuracy of pH papers, 
this suggestion must be applied with caution.
Experimental results —  Category 3, Page 7:-
Tests for sample pH and sample observations for the
same samples included for "Category 1".
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Computation exercises from test data obtained.
Using the last column in Tables 5, 6, 7 and 8, the
i
average oil content per 1000 grams of dry soil (AOC, 
in grams per 1000 grams) is calculated as follows. 
Associated standard deviation (SD) is also computed.
Sample group 11
1
1
AOC 11
' 1
SD
Ala, A2a, A3a
1
1
1
1
1
7.72 = AOCAa
1
1
!
1
2.21
Alb, A2b, A3b 111
1
4.33 = AOC A to
1
1
1
0.62
Ale, A2c, A3c
1
1
1
1
7.07 = AOCa c ' 1 1 
1
1.55
Aid, A2d, A3d
1
11 4.07 = AOCaci
: ! 
i 
i 0.87
Bla, B2a, B3a 11
1
6.34 = AOCb a ii 0.94
Bib, B2b, B3b
1
1
1
1
4.87 - AOCoto
! ! 
;i
11
0.97
Blc, B2c, B3c
1
1
1
1
5.20 = AOC Be:
!i 
11
0.79
Bid, B2d, B3d
1
1
1 3.87 - A 0 C b <3- 0.21
Cla, C2a, C3a 11
1
10.25 = AOCca i i!i 2.19
Clb, C2b, C3b
1
11
1
3.94 = AOCoto
¡1
11
i
1.57
Clc, C2c, C3c
1
11
1
2.67 = AOCce i|i 0.62
Cld, C2d, C3d
1
1
1 2.53 = AOCcci
il
|i 1.24
Dia, D2a, D3a 11
1
10.45 = AOC Dai i¡•»i
i
1.73
□lb, D2b, D3b
1
1
1
1
5.48 = AOCoto ij
i
1.40
Die, D2c, D3c
1
1
1
1
1.37 = AOCd <= i¡1 0.12
Did, D2d, D3d
1
1
1 1.07 - AOCd <3L 0.31
■1~
Table 20
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From Table 20:- AOCaid = 56.1% of AOCAa;
AOCag - 91.6% of AOCAa’
AOCac* = 52.7% of AOCas
AOCaci = 57.6% of AOCa c /
AOCbid = 76.8% of AOCb s *
AOCbc = 82.0% of AOCb s r
AOCqcI = 61.0% of AOCb s /
AOCbci - 74.4% of AOCbc
AOCoto = 38.4% of AOCca
AOCce = 26.0% of AOCca;
AOCcet = 24.7% of AOCca m,
AOCois = 52.4% of AOCDaf
AOCdc = 13.1% of AOCDa:
Table 21 AOCdcì = 10.2% of AOCoa
Note: The average oil (and grease) content (gms)
per 1000 grams of dry soil ( AOC) is used for the
above computation such that the difficulty in 
obtaining a consistent weight for every 
contamination sample can be circumvented in one hand 
and the relatively large difference in oil / grease 
content among the samples can also be overcome.
The results obtained in Tables 20 and 21 will be 
used in the discussions included in section 3.5.
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3.5 Discussion of the bioremediation experimental 
results.
The results obtained in the experiments carried out 
fall into three categories. The first category of 
experimental results includes the oil and grease 
content of each of the four batches of samples 
obtained at Day 1, Day 15, Day 26 and Day 39 
respectively. The second category includes similar 
test results for the control sample and the leachate 
sample collected. These test results have been used 
earlier (see section 2.6). The third category of 
results includes test results for sample pH and 
sample observations done by the researcher. 
Additional points to be noted are as follows
(a) From the preliminary analyses of the results, 
it was found that 0.038% of the dry weight of solid 
materials in a sample was identified in a "clean" 
ballast "control" sample which was carefully 
examined to make sure not a single oil stain was 
found on the surfaces of the solid particles (see 
Table 9). This result supports the principle 
identified in many other studies that HC (oils and 
greases in this case) is present naturally in 
materials recovered from the grounds (in the
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CityRail system, including ballast and substrate 
soils found in railway trackbeds) as discussed 
earlier. The expression of HC content in terms of 
dry weight of solid materials circumvented the 
difficulties in obtaining ballast / soil samples 
with consistent weight.
(b) From the graphs included earlier (Figure 14 ), 
there were clear general trends that in a site 
contaminated heavily with oils and greases, the 
concentrations of the contaminants declined with 
time. It isjhowever^required to be pointed out here 
that part of the contamination materials might go 
deeply into the ground at the unconfined sample 
areas. This was supported by the evidence that heavy 
oil and grease contamination was clearly seen when 
a 200 mm deep (approximately) trial pit was sunk in 
these areas. It is believed that substantial oil 
and grease contamination would be equally apparent, 
should this trial pit be sunk twice as deep (see 
photos included in pages 106 and 107 for details). 
However, the majority of this type of penetration 
would take a considerable length of time as downward 
flows of oils / greases would be slow because of 
their viscosity and adsorption to polar particles
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present in the ground. This fact was supported by a 
parallel exercise in which oils being used in this 
area (Hornsby) were added to a pit 50 mm in diameter 
formed at about the middle of a 300 ram diameter 
artificial in situ ballast hump. The contamination 
materials did not reach the perimeter of this hump 
in an observation made at two weeks after these 
contamination materials were added. In the same 
observation, maximum spread was found to be 100 mm 
horizontally and 8 mm maximum vertical penetration 
was also recorded. This might also be because oils 
and greases need some elution with rainwater to 
spread fast in natural grounds in railway areas and 
that there was only a few brief showers when this 
in situ oil spread test was carried out. Another 
cause of the confinement of the "oils and greases" 
during the test period was probably the removal of 
volatile (hence more fluid) organic compounds by 
the evaporation. Both downward penetration and 
removal of volatile organic compounds by the heat 
of the sun is significant in reducing contamination 
level at the surface of an area with fresh spills 
or dumps as can be seen in the evidence that as 
much as around 40% reduction in contamination level
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was recorded in these areas (e.g., AOCa .̂ - AOCacs is 
42.4% of AOCa c; see Table 21) in the first 13 days.
No attempt was made to distinguish the different 
contribution from each of them (biodegradation, 
evaporation, penetration into the grounds, etc.) as 
it was outside the selected scope of this research 
exercise as discussed (see section 1.4).
(c) From Table 21, it can be seen that reduction 
in contamination levels with time is ranked in the 
following descending order:- samples: "C"s, "D"s, 
"A"s, "B "s at Day 15; nD"s, "C"s, ',B"s, "A"s at 
Day 26; and MD"s, "C"s, "A"s, "B"s at Day 39. 
(Note: HA"s ... at Day 15 means samples Ala, A2a and 
A3a tested at Day 15 and so on.)
By comparing this reduction between different sets 
of samples (e.g., between ,,B,,s and "C"s) computed 
in Table 21, it was apparent that for reduction in 
contamination level to continue after the initial 
reduction described above, and for the removal of 
the contamination materials embedded in a deeper 
level long after their penetration into the ground, 
some irrigation, addition of nutrients and tilling 
(or land farming) were required. Through these
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exercises, this goal could be attained to some 
remarkable extent. This conclusion is supported by 
the contamination level reduction recorded, (e.g., 
at Day 39) of:-
89.8% [ (AOC Da -AOCoci ) : AOCn̂ i J ; and
75.3% [ (AOCca -AOCcca) : AOCo^ ] (see Table 21)
These figures should be viewed with care given the 
notorious variation in specific surface for soil 
solid particles in most small soil samples even 
where careful mixing of soil materials was 
completed. Yet, they are close to the similar 
figures identified in the two previous studies.
These similar figures are: (i) up to 90% removal of 
hydrocarbons involved in 5 weeks as reported in 
(Horowitz And Atlas, 1980); and (ii) about 60% of 
contaminating oils was biodegraded at 20 °C in 42 
days (Verstraete W, et al, 1976). This similarity 
suggests that the simple bioremediation approaches 
used in the experiments adopted in this study can be 
applied successfully in the particular environmental 
conditions commonly found in CityRail railway areas.
Aiat is-*1’---̂  r.i-in-1-i mil V nnnrt-fwr
fh o  romova-1 n f n i 1 and g rPFKT̂  nn+-riT»i °  ndcnrhod Ity 
haï In s t  and çanhgrt-r-q-t-n cni 1 n in fho C ity R a il avafcen.
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In other words, the figures show that contaminating 
oils and greases may be biodegraded substantially 
simply by using nutrient additions, irrigation and 
ordinary land farming operations (e.g., tilling of 
materials involved) within the railway environment 
commonly found in the CityRail system.
Findings of this type have often been attacked by 
bioremediation consultants as being inefficient 
(Molnaa and Grubbs, 1990). These arguments were 
probably made to promote consultancy business and 
must hence be taken with extreme caution.
The particular environmental conditions of railway 
yards and many running lines in the CityRail system 
which are uncommon in other urban zones, highlighted 
above, i ne1ude:
(i) highly consolidated substrate for most of the 
railway areas which have already been in the 
locations where they are found at present since 
late 1800's or early 1900's, and
(ii) the presence of vegetation around these 
railway areas which help contain the spread of the 
contamination and provide sufficient time for the
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local indigenous microflora to adapt to, and 
biodegrade, the oil and grease materials involved.
(iii) the presence of cut slopes and engineering 
structures around these railway areas (e.g., 
perimeter drains, cable channels, and station 
platforms) which perform in a way like the perimeter 
vegetation.
(d) Addition of leachate provides seeding of the 
required bioremediation microorganisms theoretically 
and should enhance the efficiency of the other 
parameters in reducing the original contamination 
level. This was the case as was demonstrated by the 
higher reduction in contamination in the "Day 15 
samples" with respect to the "Day 1 samples" for 
experiment C in comparison with that for experiment 
D. However, an opposite trend was then identified 
afterwards. That was the reduction in contamination 
of "Day 39 samples" in relation to "Day 15 samples" 
for experiment C was lower than that for experiment 
D. This might be explained by the fact that the pH 
of the leachate was fairly acidic at the later stage 
of these experiments (pH = 3.5 to 4) which should 
have adverse effect to the existing activities of
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biodegrading microflora in decomposing the oil and 
grease materials involved. This acidity came up 
because the leachate was obtained from the container 
in which the incubation was carried out without any 
tilling operations and hence the environment inside 
it became acidic because of prevalence of activities 
of anaerobic bacteria (reported in Nemerow, 1978).
No attempt was made to neutralize the acidic 
leachate.
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CHAPTER FOUR
FURTHER DISCUSSION OF OTHER (ENGINEERING,
MANAGEMENT, AND OTHER) APPROACHES, AND OF 
LEGISLATION IN RELATION TO BIOREMEDIATION.
In addition to the use of bioremediation approaches 
described in Chapters 2 and 3, direct application of 
special bacteria culture to biodegrade oils and 
greases contaminating a specific site has not been 
detailly explored. Examples of successful cases of 
the application of bacteria culture for this purpose 
are included in Appendix 4 for further reference.
Other than bioremediation, several types of other 
solutions including engineering approaches, 
management measures, legislative controls and other 
methods are also often used to tackle the oil and 
grease contamination problems in an urban railway 
system . These solutions are further discussed in 
the following sections.
4.1 Engineering remedies for HC contaminations.
Some engineering approaches are suggested in this 
section. These suggestions are made based on 
personal experience. Both prevention and containment
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measures will be discussed. For some of them, it is 
common sense in engineering . Some are made based on 
the discussions with some senior SRA managers (e.g., 
Mr. B Jack). Others are either very common practice 
in engineering that a lot of literature can be made 
available easily (e.g., grouting) or because they 
are successful examples of the current practice in 
HKMTRC.
From the sources of oil and grease contamination 
problems highlighted previously, it is apparent 
that several engineering solutions are available to 
contain these problems or to stop them at source. 
Basically, these engineering solutions can be 
divided into two main categories. The first is 
containment of contamination where leakage does 
occur. This can be followed by the adoption of 
other approaches including physical recovery of the 
contaminating materials, or use of chemical solvent 
or filters when the quantity contained is 
accumulated to an amount large enough for these 
types of operations to become reasonably economical. 
The second category of solution is to prevent the 
occurrence of the contamination including reform or
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improvement in system design and provision of 
facilities to arrest the contamination at source.
4.1.1 Prevention.
Many problems can be prevented at source. For oils 
leaking out from the parts of transformers or bogie 
engine compartments, the most obvious solution is to 
tighten up the tolerance of parts manufacture so 
that the gaps or crevices among these parts are 
minimized. For abuting surfaces moving in relation 
to each other, there is a practical limit to this 
tight tolerance. However, suitable measures 
including using PTFE (polytetrafluoroethylene) to 
coat moving surfaces to reduce friction may be 
adopted to reduce the passages vulnerable to 
leakage. This reduction can be made to the extent 
that the leakage problem will be self healing by 
blocking up leakage passageways with large molecular 
colloids formed by oil or grease molecules adsorbed 
to metal surfaces. Aged parts should be detected in 
routine inspection or tests, and should be replaced 
once they are identified. Manufacturer's guidance 
instructions may also be used to throw some light 
in this respect. Numerous other solutions are 
available with the practicality and relative
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economy varying from case to case.
Old contamination sites may be covered up with 
clean hessian bags or clean ballast so that further 
oil dumping can be detected even when it is minor 
in nature. This will discourage aggravation of 
existing contamination by further waste oil dumping 
in the area. When it is clear that oil dumping is 
occurring too often, management measures should be 
adopted to guard against or to minimize the impacts 
from this practice (see next section).
Alternatively, grounds vulnerable to contamination 
with oil and grease materials may be covered up 
with absorbent blanket pinned to or pressed firmly 
against adjoining ground surface with heavy ballast 
or deadweight. This absorbent blanket should be 
changed regularly or when it becomes saturated with 
the contamination materials. Impervious blankets 
may also be used in some cases but these have a 
lower performance in this respect because oil and 
grease materials thus retained may flow elsewhere 
and hence create new problems. These measures will 
help prevent deep penetration of oily materials 
into the ground at long standing contamination
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locations. However, these blankets may interfere 
with routine ballast tamping and it may be difficult 
to secure the blanket in place because of the wind 
drag and uplift created by passing trains. Feasible 
solutions to these problems need to be taken into 
consideration before implementation of this type of 
engineering solution. However, if this type of 
blanket is placed under ballast materials at both 
sides of oil lubricators, fasteners attached to the 
rail may help secure the blanket down and ballast 
tamping may be done by means of vibrating the rails 
or the lubricators. Hence, a feasible solution may 
be obtained with careful design and planning.
Experience should have been gained over the years 
by the CityRail management since this system has 
become operational. Detailing and the design of 
railway facilities which are not environmentally 
friendly should have been discovered or will be 
discovered in the near future. The specifications 
for these facilities should be updated regularly so 
that any faulty design or details which are likely 
to give rise to any oil or grease contamination or 
other environmental problems are corrected.
139
4.1.2 Containment.
In many cases, it is quite costly and not practical 
to have absolutely no or very low leakage of oils 
and greases from an engine or some other engineering 
installations like point control systems or rail 
lubricators. If containment measures are preferable 
based on cost effectiveness considerations, the 
measures that are highlighted below could be 
adopted.
First, drip trays, drip pans or drip channels may 
be installed below leaking transformers or leaking 
engines or leaking point control systems or leaking 
rail lubricators , etc. These drip collection 
facilities may be constructed with steel or other 
metals or with reinforced concrete depending on the 
corrosion resistance, insurance properties required 
and the relative economy involved. The oils or 
greases collected may be recycled which may help 
reduce the costs involved. This is considered to be 
particularly useful to contain dripping from old 
diesel trains (see Appendix 6) which were reported 
to be the main cause of the high oil or grease 
contamination in South Coast Line and Richmond Line. 
(SRA staff / personal communication, 1993). This
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problem may thus be treated at source instead of 
becoming too difficult for any efficient remedial 
actions when the contamination spreads across a 
very wide "four foot" area or trackside areas.
Second, For oil leaking out of transformers or 
spilling out of their conservators, the concrete 
plinths supporting these transformers can be 
enlarged and fitted with concrete upstands (with 
drains built in the upstands) for collection of the 
leaked or spilled oils and greases. These structural 
elements should also be suitably reinforced to 
limit the cracks to an extent that self healing 
will take place gradually (Threlfall, 1978).
Third, concrete or impervious blanket containment 
may be used similarly to confine any sideward 
flows of oils when these oils are provided for the 
operations of switch rails at crossover roads or 
turnout points, if the oils leak out.
Fourth, highly consolidated soil substrate to the 
ballast or concrete trackbed will reduce downward 
flows of oils and greases from grounds where spills 
have occurred. Hence, highly consolidated soil 
substrate should be provided wherever practical.
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Fifth, impervious blanket on top of the railway 
grounds may be used similarly to stop downward 
flows of oils and greases. A "Track Mat" has been 
devised by a USA manufacturer. This mat is made of 
recycled beverage bottles and can be cut to shape to 
match configuration of wiping bars and lubricators. 
It retains oils and greases but allows water to go 
through. Hence, drainage properties of trackbed are 
not adversely affected while any oil and grease 
contamination will be arrested at trackbed level by 
using this mat (IRJ, 1993). Absorbent blanket may be 
used in lieu of or together with this impervious 
blanket to absorb and ultimately to remove oils and 
greases spilled onto railway areas by bioremediation 
or otherwise, based on cost considerations. Note 
that for containment, the impervious blanket should 
be placed between the top strata (railway ballast 
trackbed, ballast grounds, or concrete slab) and 
the soil substrata, and returned back to ground 
level to form an underground quasi-container. This 
is a different arrangement in nature from the use 
of these blankets for problem prevention at ground
level discussed earlier.
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A diagram of this "Track Mat” is shown in Figure 15.
igure 15
PRODUCTS
DIRTY-CLEANING-SOLUTION PURIFIER
erf etecmcal energy to recyclePROŒCO Industrial Machinery. 
Canada, lias developed a new zero- 
disc ha rye. stainless steel module to 
recycle and purify contaminated 
cleaning solutions in a closed cir­
cuit. The self-cixitamed unit uses a 
vacuum and pressure-assisted dis­
tillation pnxess to separate contami­
nants. and returns pure water to the 
process tank for re-use. Contami­
nants are discharged into a remova­
ble container for easy disposal 
The process requires 0.095k W/h
litre of contaminated solution. Threet 
production capacities are offered- t 
26S, 64.4. and 128.7 litres/h— wnthi 
respective running power require-’ 
merits of ZS, 6. and 12kW.
□aimed advantages of the module > 
are stand-alooe or integrated opera­
tion. automanc operation, no vapour 
emissions, total waste recovery, and 
microprocessor control Proceca. , 
Gowda.
(Reader Service No P35) j
A TRACK MAT providing a simple, 
durable, and cost-effective solution 
f«ir keeping tlie track area around a 
track lubrication site dean and free 
from grease cuniaminatKHi ts now in 
use with major railways in the 
I'mted States. The Catch-AI! track 
mat minimises ballast contamina­
tion. but permits water to pass 
through.
it is made from recycled consumer 
beverage bottles, requires little or no
maintenance, and is companble with 
all manufacturers’ wiping bars and 
lubricators. Mats can be cut to 1 
match any wiping liar configura­
tion. They carpet the whole track 
substructure on each side and 
between the rails, and are held in 
piace using a gauge module and two 
field modules which are nailed to 
timber sleepers. Portée IntemaaonaL 
L'mted States.
(Reader Service No P37)
Aon! 1993 INTERNATIONAL RAILWAY JOURNAL
Oils and greases retained by the track mat may then 
be removed with bioremediation. Alternatively, oils 
and greases may be removed together with ballast 
contained within this facility for "wet combustion" 
when the quantity involved becomes large enough for 
this treatment process to be applied economically^
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Sixth, take a step backward, presuming all soil 
substrate under all railway areas is very highly 
consolidated since they should have been there for 
several tens of years, the local containment 
suggested may not be necessary in many cases unless 
the contamination areas are intercepted by water 
flows (waterways, overland flows or underground 
flows). Instead, a downward extension of station 
platform walls and installation of perimeter kerb 
drains shown later should be able to contain the 
contamination materials within the perimeter of the 
railway areas. The downward extension of platform 
walls may be constructed with grout curtains (or 
underpinning, diaphragm walls, etc.). Meanwhile, 
the perimeter kerb drains should be constructed 
with water resistant reinforced concrete to guard 
against the oils or greases retained from seeping 
out of these drains via diffusion through concrete 
materials. The retained contamination materials can 
hence be assimilated over months or even years with 
bioremediation processes, discussed earlier in this 
thesis, in a cost-effective manner.
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The proposed perimeter kerb drains to contain any 
contamination materials within the perimeter of 
railway areas other than those bounded by existing 
station walls is shown in Figure 16.
Figure 16
Varus 
<3XG£V<U*\a 
t'O OaX  of^
Note: 1. This is an imitation of the Department of 
Transport's standard design in its Manual 
of Standard Specification : Roads.
2. All dimensions in millimetres.
3. All concrete class to be 20 MPa / 20.
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The proposed downward extension of station platform 
walls to contain any contamination materials within 
perimeter of railway stations with grout curtain are 
illustrated in Figure 17.
T Pldtfenw SUAd
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This type (engineering) of solution can hence be 
balanced against other long term bioremediation or 
physical cleaning proposals in light of operational 
and cost considerations. The movements of the 
contamination oil and grease materials within these 
containment facilities can then be monitored with 
simple inspection exercises.
4.1.3 Cost and benefit.
In most of these "balancing" exercises, the cost and 
benefit involved in these prevention and containment 
measures in relation to other approaches need to be 
evaluated.
Full reinforced concrete containment walls are high 
in capital cost compared with bioremediation. For 
example, with an area of 100 metres x 100 metres, 
the estimated cost of the 400 metres containment 
wall (or grout curtain, etc.) would be $36,000.
(Note that detailed calculations for this estimate 
are in hand but should be irrelevant here as a lot 
of price figures from tens of suppliers and 
subcontractors are included.) Assuming that the 
depth of oils or greases retained is 2 mm, then the 
cost involved would be about A$2000 per ton. This is
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much higher than the cost figure of A$15 to 70 per 
ton with bioremediation (Molnaa and Grubbs, 1990). 
However, the latter in some cases may be more costly 
than simple preventive/containment measures, (e.g., 
in case of repetitive occurrence of contamination, 
say 40 times in ten years, with a cost of say A$60 
per treatment, then A$(40x60) will be greater than 
the cost of A$2000 for the cut off walls having, say 
an equivalent life span). Moreover, the benefit with 
many costly solutions may more than outweigh their 
high cost since preventive measures can be used in 
conjunction with natural (including biodegradation, 
evaporation, etc.) processes and the costs involved 
should be greatly reduced if more repeated use is 
possible. The cost figures for the containment wall 
used in this comparison is derived from current 
cost figures in Hong Kong as Sydney cost figures 
were difficult to obtain. In light of the personal 
experience in railway protection and maintenance 
work, "fire-fighting" type solutions may be more 
appealing in short-term consideration than "fire- 
prevention" type solutions since the former will 
produce less impacts on budgets and are easier to 
justify. However, in the long run, the latter have
148
often been proved to be more cost-effective. For 
example, the engineering team in CES Department of 
HKMTRC was required to produce a hit list annually 
and a "bold" (educated) forecast for 15 years in 
light of the best knowledge of the system and 
information in hand and the best current practice 
for anticipated maintenance and environmental 
problems. In these hit lists, various long term and 
short term cost and benefit considerations were 
included for proposed solutions for the problems 
identified. This also provided continuous reviews 
and forecasts of the costs and benefits involved in 
various solutions formulated for useful future 
guidance in this respect and is hence suggested for 
use (with some modifications, perhaps) in evaluating 
the various prevention and containment measures 
discussed (HKMTRC CES Engineers, 1986 - 1991).
4.2 Management aspects of HC contaminations.
Good housekeeping usually produces a pleasant 
environment and bad housekeeping ends up with a 
messy environment. Not only local management is 
involved in housekeeping, but commitment at every 
level in an organization is required since a "house" 
interacts with every body accommodated in it and
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hence it needs the participation of everyone 
"living" in it to keep it in order. Whenever 
problems arise, present management systems should be 
reviewed first, to check if anything has been done 
wrongly. Other remedial solutions including legal 
controls, engineering solutions or bioremediation 
should be considered when these problems cannot be 
solved with management reforms. For an urban railway 
system, oil spills may arise from poor house keeping 
(SRIG of SRA, 1986) and should be guarded against 
with management measures.
Some management measures to solve problems of oil 
or grease contamination will be discussed in this 
section. These suggestions are, again, made based on 
management common sense, or discussions with senior 
SRA managers, or common practice in management on 
which much literature can be obtained easily (e.g., 
the need for a management information system, 
training, incentive scheme, etc.) or because they 
are successful examples of the current practice in 
HKMTRC.
Reference to a few specific references is made only 
when it is essential because of the specific
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relation of the literature with the SRA management 
system (e.g. Manacon P/L., 1992 and Frenkei, 1988).
4.2.1 Environmental engineering management unit.
The SRA environmental engineering management unit 
(EEMU) has a leading role in the management of the 
CityRail railway environment. Hence, this department 
should have a major role in managing hydrocarbon 
(HC) contamination problems arising from oil and 
grease materials. Policies in this respect are 
developed by this department. Day to day HC 
contamination monitoring should be put under its 
supervision. Trouble shooting and solution 
formulation should be assumed by EEMU or by a task 
force team including members from all parties / 
sections involved and chaired by an EEMU staff. This 
will produce a sense of unity and team spirit in 
cases where solving oil and grease contamination 
problems has cross-department impacts and will take 
advantage of the existing expertise present in EEMU 
and other departments.
Moreover, the EEMU can also assume the role of an 
information centre, disseminating information 
regarding environmentally friendly design and
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management measures, the confirmed performance of 
remedial measures to environmental damage, etc., and 
other information relevant to CityRail environment.
A data base for storage and retrieval of such 
information should be set up. Raw information and 
associated summaries in this respect are to be 
provided to user departments on request to help 
them upgrade the standards of the specifications 
for their facilities and work, in environmental 
protection terms. Quality improvement working teams 
could be promoted through EEMU’s coordination to 
draw together expertise available in different 
departments, for regular reviews of specifications 
and designs and aimed at overall improvement of the 
CityRail environment. Normally, there is room for 
the existing design of most railway facilities to 
be improved for the prevention of oil and grease 
contamination problems. The data base suggested 
above may be used to speed up these processes and 
to enhance the quality and cost-effectiveness of 
these processes in this respect.
4.2.2 Operating staff.
The operating staff also have a very important role 
to play, as additional pairs of eyes and ears for
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the EEMU in the management of the CityRail railway 
environment. First, for cost effectiveness reasons, 
staffing levels across the CityRail organization 
have to be kept to a minimum. Given extent of the 
CityRail system, it is often not possible for a 
handful of EEMU staff to keep track of this huge 
environment and to check for present, hidden or 
potential oil and grease contamination problems on 
a reasonably regular basis. To overcome this 
problem, local operating staff have a role to act 
as local constant observers of the system for the 
EEMU to stay alert for these problems. These "local 
pairs of eyes and ears" can also help monitor the 
development of contamination present and performance 
of the solutions implemented. The information 
obtained can be passed back in two ways. It can be 
passed back directly through the Environmental Hot 
Line established in CityRail by the EEMU or it can 
be classified, grouped, summarized and then fed 
back to the EEMU through senior management staff in 
the operating department of CityRail.
The importance of staff knowledge of the local 
operating area to the technical and economical 
viability of bioremediation recommendations or
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other solutions coming up should not be 
underestimated. Most failures in the remedial 
proposals for specific environmental problems arise 
from an inadequate consideration of the local 
conditions resulting in a solution which is not 
suit to the local conditions. The operating staff 
are the people most familiar with the areas under 
their control. They should be able to provide 
valuable contributions to the selection of the best 
solution for many "local" problems of oil and grease 
contamination . A "landlord" system is adopted in 
HKMTRC, in which major information about any 
activities in any operating area must be referred 
to the local management (landlords) held accountable 
for the area by means of the "Engineering Documents 
(EDOCs)". Some feedback including no comment is 
requested. This is to take advantage of the 
knowledge of the operating staff about their local 
operating areas for a better management of the zone 
involved.
4.2.3 Training and development of SRA staff.
Training and development of SRA staff is important 
for the implementation of prevention and containment 
measures which are essential for solving problems
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involving HC contamination. In particular, when 
bioremediation approaches are adopted, the high 
sensitivity of most of these approaches to many 
environmental parameters means that without the 
cooperation and help from local operating staff, 
efficiency of these remedial exercises will be 
greatly reduced.
If local operating staff have the essential basic 
knowledge, it may be possible for them to be asked 
to help monitor the performance and any changes in 
important environmental parameters affecting the 
bioremediation methods. This requirement may vary 
from case to case but general and basic knowledge 
will help reduce the essential amount for specific 
remedial exercise. These training programmes may be 
absorbed in the appropriate environmental training 
programmes which are normally prepared by SRA's 
Business Group Environmental Units.
This combination of training programmes may help 
enhance the cost-effectiveness involved. Based on 
the interviews conducted for this study, a positive 
attitude is held by operating staff with respect to 
training and development requirements in relation
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to bioremediation of oil and grease contaminations. 
If this is confirmed, a survey to determine the 
extent of training and development required and 
which will provide the most cost-effective service 
to CityRail and the relevant staff should be 
arranged.
4.2.4 Containing HC contamination problems at source 
by involving the local operating staff. 
Involvement of the local operating staff is a cost- 
effective way of solving these problems. The first 
pre-requisite for this involvement is a sense of 
responsibility. On the part of these local operating 
/ management staff. The "landlord" system discussed 
above helps promote this sense of responsibility.
Some "carrots" may be built into the staff appraisal 
system. Awards may also be arranged for outstanding 
performers to promote a positive culture in this 
respect. In HKMTRC, a "Chairman Award" system is 
used and some of these awards were conferred to 
outstanding performers contributing to many past 
improvements in the HKMTR environment.
The second pre-requisite is that local operating 
staff should have adequate knowledge to perform well
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in the prevention or containment of the HC 
contamination problems at source.
4.2.5 The role of SRA senior management.
The role of SRA senior management in solving 
hydrocarbon (HC) contamination problems is also 
very important. The passing down of bioremediation 
recommendations or other proposals made by the SRA 
EEMU will be more effective with the support of SRA 
senior management. Indirect supports has been 
discussed in the previous paragraph. Direct methods 
may also be available and how much they should be 
adopted depends on the commitment of the SRA senior 
management. Funding is one form of direct support 
in this respect. Creation of a suitable corporation 
culture in this respect through "Management 
Communication Meetings", with the internal "State 
Rail News", and by clear messages in the Corporate 
Strategies are examples of other direct supports 
from the SRA senior management. Theoretically, SRA 
senior management is the role model for other SRA 
staff. Hence, their positive and expressed support 
in solving HC contamination problems will greatly 
increase the efficiency and the effectiveness of 
any proposals to solve these problems, in particular
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the use of bioremediation for which help and full 
cooperation from other SRA staff are the keys for 
success.
4.2.6 Other SRA engineering staff and salaried 
consultants
Other SRA engineering staff and salaried consultants 
may have a role in solving HC contamination 
problems. In many cases, engineering staff and 
salaried consultants may be involved in solving 
present or potential HC contamination problems.
This arises when the systems designed or operated 
by them are involved. In addition to knowledge of 
the environmental conditions in the system, 
information about the inherent characteristic of 
these systems is also required. Information of this 
type with the best quality is usually available 
only from the original designers and / or present 
operating staff. This is because although all the 
required information should theoretically have been 
included in file documents, it may not be so in 
practice. Assumptions and judgements are inevitable 
in most engineering designs. Some of the minor or 
hidden assumptions or judgement may not be included
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in the file documents either because they are too 
obvious to professional engineers or designers in 
these disciplines or when too many minor assumptions 
or judgements are involved and hence only those 
important ones are specifically written down. Then, 
the original designers should be consulted.
Similarly, alterations may be done after an area or 
equipment became operational and local operating 
staff have the best knowledge of the present 
situation. The involvement of these personnel will 
also promote cooperation with the EEMU staff. Feed 
back to them on the findings obtained will be most 
effective as they can understand the background of 
the information more readily (Frenkei, 1988). This 
will be most beneficial when corrective actions need 
to be made through them or if recurrence of similar 
problems is to be avoided.
In some cases, because of shortage of inhouse staff, 
outside engineering staff and salaried consultants 
are employed to undertake bioremediation works.
They need to be carefully managed. This is to 
ensure what they have done is truely beneficial to 
the operations of the CityRail system in terms of
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environmental protection, long term quality 
maintenance, cost-effectiveness, etc., or because 
they are not as familiar with this railway system 
as inhouse management staff. This close management 
is also to promote a team spirit (Evans, Galvin, 
Robertson and Waller, 1972) among these personnel, 
the inhouse staff and the environmental engineering 
management team which may otherwise be spoilt by 
conflicts of interest. Other reasons for the close 
management of outside engineering staff and salaried 
consultants include safeguarding the railway against 
bold adventure, coordination with other activities 
in progress in the same railway areas and in the 
same period, quality or cost control, etc.
4.3 Legal requirements regarding HC contaminations. 
Legal requirements regarding HC contaminations is a 
major determinating factor in the formulation of 
the relevant corporate and local policies because 
it is essential for SRA management to observe these 
requirements to avoid committing any offences under 
the relevant laws. Controls against contamination 
of the environment by HC (oils, greases, etc.) are 
stipulated mainly in State environmental laws. Some 
more general provisions which should be applicable
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nationalwide are also included in the Commonwealth 
environmental laws. Some laws are relevant in the 
assessment and the solving of HC contamination 
problems present in CityRail system.
A brief review is presented here, more detailed 
discussions are provided in Farrier (1988); Bates 
(1983), and Fisher (1980).
4.3.1 Commonwealth legislation
The major relevant Commonwealth legislation
includes:
(a) Biological Control Act, 1984;
(b) Environmental Protection (Impact of Proposals) 
Act, 1974; and
(c) Environmental Protection (Sea Dumping) Act,
1981.
The Environmental Protection (Sea Dumping) Act, 1981 
applies when effluents are to be discharged into 
the sea by CityRail; there will be a need for the so 
called "beach grease" to satisfy the requirements 
of this Commonwealth Act. Some of the requirements 
of this Act also apply if oil and grease materials 
are to be destroyed by incineration at sea. It is 
believed this will be the problem of the contractors
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who are contracted by SRA for the removal of 
intractable waste HC. In both cases, a permit 
issued by a Commonwealth Minister should normally 
be required.
The Environmental Protection (Impact of Proposals) 
Act, 1974 deals mainly with the arrangements for 
monitoring the effects arising from the subject 
matters of the permits issued as described above 
(Farrier, 1988).
In the Biological Control Act, 1984, it is made 
clear that this legislation is not confined only to 
biological control of plants, insects and animals 
(Farrier, 1988). There is therefore the possibility 
that seeding microorganisms used in bioremediation 
may need to be approved by the Australian 
Agricultural Council under the provisions of this 
Commonwealth Act, in particular if there are long 
term concerns about the possible pathogenic nature 
and the adverse effects of the microorganisms to be 
employed.
4.3.2 New South Wales (NSW) Acts and Regulations. 
The major NSW Acts and Regulations which may be 
relevant to oil or grease contamination are as
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follows:-
(a) The Clean Water Act, 1970 and the Clean Water 
Regulations, 1972: This is the main NSW act to 
prevent contamination of public waters by oils or 
greases (or similar HCs) directly or by leachate 
containing an emulsion form of these contamination 
materials. This act is administered through the 
regulations and permits mainly by Water Board,
Local Governments and Environmental Protection 
Authority (ERA).
(b) The Dangerous Goods (DG) Act, 1978 and the D G 
Regulations, 1978: Many petroleum products are 
classified as DG based on the recommendations of 
the Australian Code for the Transportation of 
Dangerous Goods By Road and Rail. This code deals 
with handling, transportation and storage of DGs.
(c) The Environmental Hazardous Chemicals Act 1985: 
Many petroleum products are hazardous to most living 
beings in the environment and to human being in 
particular. This act is administered by the EPA 
through a Hazardous Chemicals Advisory Committee 
and is designed to overcome the inadequacy of other 
NSW acts with respect to control of hazardous
163
chemicals (Farrier, 1988). This aim is clearly 
pointed out in clause 5 of this act specifying its 
relationship with other Australian laws. Some 
petroleum products in oils and greases are 
environmentally hazardous chemicals (USEPA, 1976) 
and hence are required to be regulated by EPA 
licensing procedure under this act.
(d) Biological Control Act, 1985: Clause 7 of this 
act states clearly that this legislation is "not 
limited to agricultural pests". Target organism is 
also defined as an organism which is "whether dead 
or live and whether or not indigenous to Australia" 
or "a part of or matter discharged from an 
organism". Hence a target organism is not confined 
to plants, insects and animals. It is hence apparent 
that any seeding microorganisms for bioremediation 
may be regarded as "agent organisms" if these 
definitions are interpreted in a broader manner. 
Then, approval of NSW Biological Control Authority 
under the provisions of this Act, may be required 
for use of microorganisms in bioremediation 
activities.
(e) The Prevention of Oil Pollution of Navigable
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As for the EPAA highlighted above, these laws 
contain some provisions, assessment procedures, and 
administrative procedures against adverse effects 
on the environment caused by potential oil and 
grease contamination. These provisions or procedures 
may also be applied to control measures specified 
in other NSW acts discussed in this section.
4.3.3 Discussion of Commonwealth and NSW 
legislation.
In general, the Commonwealth of Australia Government 
does not regulate the use of oils and greases (or 
other HCs) in areas within the NSW boundary with 
Commonwealth legislation . However, in many cases, 
Commonwealth Acts described above may have effective 
regulation authority over operational activities of 
CityRail in terms of contamination with these HCs. 
NSW legislation provides direct controls over oil 
or grease contamination present in CityRail system 
and is administered by many State agencies. Hence, 
it is essential that SRA managers at all levels are 
familiar with the provisions of these State 
environmental laws to ascertain proper compliance
with them.
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4.3.4 Response of the State Rail Authority.
In response to these challenges, the State Rail 
Authority (SRA) has established its Generic 
Environmental Management Plans (EMP) to ensure 
awareness of these legal requirements by SRA 
managers at all levels. This generic EMP has also 
been passed down to operations managers in that 
each of them is required to commission specific 
environmental audits and produce an EMP regularly 
for the area under his or her control (State Rail 
Corporate Public Relations, 1993). It is also 
understood that a "Due Diligence" programme is in 
the pipeline to ensure that due diligence is 
exercised by all managers involved in dealing with 
environmental issues. This is because "due 
diligence" is a very effective defence against any 
claims arising from negligence committed by SRA 
managers as environmental issues are dealt with by 
them.
4.4 Other methods: e.q., wet combustion.
Several other methods including combustion (dry or 
wet), solvent extraction and other physical, 
biological and chemical processes (Nemerow, 1978) 
are available and economical for the clearance of
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oil and/or grease contamination in specific cases, 
which will not be further studied here either 
because their cost-effectiveness is considered lower 
or because these processes are too complicated to be 
satisfactorily assessed in this study. Some of them 
are discussed briefly in Appendix 5.
Wet combustion is discussed here because it is one 
of the main recommendations for dealing with severe 
contamination (see Nemerow, 1978 for more details). 
In Zimpro wet combustion method, the oil and grease 
contaminated materials are mixed with water and hot 
air at about 300°C and 150 to 300 psi. The hot air 
oxidizes the oils and greases in the presence of 
superheated water and heat is released that warms up 
the water. The mixing can be carried out in a 
concrete mixer type rotary chamber which is enclosed 
and insulated as much as practicable, to minimize 
heat lost. The hot water is then passed to a heat 
exchanger to heat up incoming air and water. It is 
claimed (Nemerow, 1978) that if the organic content 
is greater than 5% of the gross weight of the oil / 
water mixture, which could be the case for the 
highly contaminated ballast and soils in some 
CityRail trackbeds, this process will be self
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sustaining in that heat generated could be used to 
run air compressors, pumps and heat exchanger. The 
resultant products will be steam, nitrogen, carbon 
dioxide and ash, all of which are relatively 
environmentally friendly materials that can be 
discharged into the environment unless PCBs or the 
like form part of the ash. In such cases, the ash 
should be separately treated because some PCB 
species will survive this wet combustion process.
The ballast and soils that are washed "clean" in 
this system can then be passed onto a silo where 
gases and water are drained and the remaining 
materials batched for reuse.
Key points in this method are the input of 
contaminated materials and the output of "clean" 
materials. Heat loss in these processes should be 
kept to a minimum. This may be done with chain and 
blade conveyors passing through chambers in which 
temperature rises or drops occur gradually and 
evenly in that some of the fluid in the hotter 
chambers can be utilized to maintain the temperature 
of the colder chambers. For the hot chambers, the 
temperature will be maintained by the heat energy 
generated in this system. Since oxidation of
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hydrocarbons or carbohydrates should be a fast 
chemical process at high temperature and under 
normal circumstances, this "cleaning" process should 
be reasonably quick when compared with many other 
physical, chemical and biological treatment 
processes. A central treatment plant for the whole 
railway system or separate ones for each operating 
region may be set up depending on relative economy 
involved. With a self-sustaining "cleaning" process 
like this, the costs should be reasonably low as 
the main ones will be digging, transportation and 
replacement of the solids
(b) The schematic design of the suggested system 
for remediation of oil and grease contamination in 
soils, trackbed ballast or similar materials with 
wet combustion process is shown in Figure 18. 
However, a full scale demonstration project would 
be required to work out various parameters involved 
which will be critical for the successful 
implementation of this approach.
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Suggested schematic arrangements of wet combustion 
process unit for dealing with soils and ballast 
severely contaminated with oils and greases
Figure 18:-
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CHAPTER FIVE
CONCLUSIONS AND RECOMMENDATIONS
5.1 General
Despite the limitations of this research project in 
terms of access constraints, manpower, funding and 
time, several conclusions can be drawn from the 
results obtained. They are summarized as follows.
5.2 Conclusive evidence obtained from the survey. 
Problems arising from oil and grease contamination 
do exist in the CityRail system. Most problems 
identified were apparently minor and patchy in most 
areas but were major and extensive in a few areas 
(e.g., Albion Park Station). It is suggested that 
some of these problems can be avoided at source as 
judged by the nature of the problems identified. On 
the whole, the impacts of these problems on the 
environment are not too great based on the 
interviews of some CityRail passengers, who regarded 
the environment of the CityRail system as good and 
they were not aware of any contamination areas 
where oils or greases were found.
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5.3 Conclusive evidence from the experimental 
studies.
The use of bioremediation involving irrigation, 
nutrient additions and soil tilling is feasible to 
remove most of the oil and grease contamination 
problems in the CityRail yards and running lines.
The performance of these operations in this respect 
was remarkable.
Given the special features of the CityRail system 
highlighted earlier, and the test results for oil 
spreading in a contaminated site, danger of a 
substantial spread of the contamination materials 
is not expected in most of the railway areas in this 
system. Hence, ample time for natural biodegradation 
processes to do the job of removing or reducing 
contamination to an acceptable level, is expected 
with appropriate bioenhancement process (Dillingham, 
1989). This approach should be relatively cost 
effective given that it is simple in nature and 
provided that its natural efficiency is unaffected 
by any significant adverse factors in the 
environment including soil acidity and lack of 
access for soil tilling.
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5.4 Conclusions from other considerations.
Given the lack of full and specific information, 
particularly cost figures and details of local 
environmental situations, it is difficult to make 
specific recommendation for immediate action. 
However, some general conclusions can be made as 
follows.
(a) Oil and grease contamination in CityRail system 
is in general, only very slight to moderate.
(b) Severe oil and grease contamination is present 
at isolated areas and running lines where the "old 
trains" are running.
(c) Simple bioremediation solutions involving 
irrigation, pH controls, fertilizer addition and 
leachate recirculation or addition, provide 
promising possibilities for reducing the level of 
contamination significantly and should be a cost- 
effective solution when the problems need to be 
overcome on a long term basis. This is often 
feasible as no significant environmental impacts 
can be identified. Outside consultants should only 
be involved as the last resort, tor serious trouoie 
snooting, ana tor an maepenaent system auait to
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provide an impetus for improvement.
(d) Bioremediation does not remove contamination 
completely and is often much slower than other 
solutions to the oil and grease contamination 
problems. Hence, for severe contamination, the need 
for more vigorous solutions, including containment 
measures, and wet combustion, should be critically 
examined.
(e) Some engineering and management solutions would 
appear to be the most effective in the long term 
as they arrest the oil and grease contamination 
problems at source. Comparative efficiency and 
cost-effectiveness of these solutions should be 
determined together with the organization of 
associated staff attitude surveys and management 
communication meetings.
(f) Many factors other than the scientific and 
technical ones, affecting the extent of success of 
bioremediation or other remediation solutions have 
been identified. These factors include staff 
involvement, staff training and development, system 
reform, house-keeping and support of SRA senior 
management, etc. Inter-departmental cooperation
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and team work should also be encouraged.
(g) Railway transit and transportation are usually 
very environmentally friendly as evidenced in the 
statements made by CityRail passengers during the 
random interviews. This image should be helpful in 
promoting CityRail for a greater share of the 
available market. Hence, adverse impacts on the 
CityRail environment like oil and grease (or other 
HCs) contamination problems should be contained or 
eliminated as much as is practically possible even 
though they are only minor to moderate at present. 
The purposes are to maintain the present good 
image of the CityRail system and to arrest these 
problems as early as possible which is often more 
efficient and less costly.
5.5 Recommendations.
(a) Because of the inherent limitations of this 
project, the experimental data and survey data 
obtained are still far from comprehensive. Hence, 
further and larger scale research and cost benefit 
analyses are recommended to collect adequate data 
for full scale site trials. Despite this, the 
simple and accelerated bioremediation could be used
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for removal of slight to medium oil and grease 
contamination.
(b) Wet combustion could be considered for quick 
and large scale removal of severe contamination.
For a medium term perspective in solving these 
severe contamination problems, containment measures 
highlighted should be considered in light of their 
relative cost benefit ratio. No-Action remediation 
alternative may be adopted in areas where very 
slight contamination is identified until remedial 
work can be absorbed in other work programmes.
(c) Reviews of existing standard drawings and 
specifications for CityRail rolling stock and 
railway facilities, and additional review of local 
house keeping and management procedures should be 
carried out regularly, preferably not less frequent 
than once in every five years, to check for any 
potential weaknesses which may create the oil and 
grease contamination in the CityRail environment. 
Solutions to overcome these weaknesses and their 
practicality, cost-effectiveness, and potential 
benefit should also be identified. A rolling 
annual remediation programme (for planning and
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budget purposes) and a 15 year environmental 
problem hit list (for long term strategic planning) 
should be prepared. This is to facilitate fitting 
priority environmental remedial work into the 
annual work programmes to match budget constraints 
and with the ultimate goal of eliminating these 
problems.
(d) The Environmental Engineering Management Unit 
(EEMU) is taking a lead in promoting the training 
of inhouse staff for environmental protection. One 
of their foci in this area should be oil and 
grease contamination problems.
(e) Further enhancement of staff willingness to 
overcome environmental problems arising from the 
contamination with oils and greases should be made 
through an enhancement of staff accountability in 
this respect, staff communication meetings, regular 
system patrols, etc., which should be organized by 
the EEMU.
(f) Since bioremediation of the oil and grease 
contamination problems was the main focus of this 
project, additional recommendations in this respect 
are expanded as follows.
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• Routine inspection by operating staff should be 
regarded as the first step in assessing the 
requirements of bioremediation measures or other 
measures to remedy any HC contamination. Presuming 
that key operating staff are properly trained as 
discussed earlier, their routine reports should be 
referred to by the EEMU staff for an overview of 
these requirements. Regular patrols carried out by 
EEMU inspectors will provide a second opportunity 
to assess the problems. This is the present set up 
in the HKMTRC and could be modified and developed 
for application in CityRail.
. Use of the Environmental Management Plans (EMP) 
provides a detailed and organized review of the 
routine assessments for the requirement of 
(bio)remediation measures. These EMPs will 
supplement these routine inspections which could 
not have been done in a comparable organized manner 
given the limited time and resources available to 
the operating staff for the inspections and because 
their knowledge in this respect is also limited.
Hit lists can then be prepared from these EMPs if 
say they are prepared annually. EMPs can also be 
regarded as an annual overall check of the CityRail
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system and an annual audit of what are picked up 
in that year in routine inspections. This may also 
be used as a proof of "due diligence" in case some 
unexpected omissions are found.
. Commissioning of outside consultants to carry out 
detailed assessment is a means to provide a second 
environmental audit to identify remedial work or 
measures required. This may provide an impetus for 
improvement of the quality of these EMPs. However, 
since this exercise is usually costly and because 
of the problems of employing outside consultants 
discussed previously, it should be carried out less 
frequently, say once in every five years. This is 
to supplement the annual EMPs and to provide a more 
comprehensive set of risk assessment and / or risk 
management recommendations, and should be put under 
the close management of the EEMU.
. The demand for environmental audit with respect 
to HC contaminations may still exist for trouble 
shooting purposes. This is because environmental 
accidents may still arise despite the diligent 
checks since Tfto system is infallible and certain 
incidence which has a very remote chance to happen
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can arise in reality. In this case, outside 
consultants should be employed for an independent 
check and to review the issues involved.
. A recommended flow chart for environmental audit 
and environmental risk management suggested with 
respect to the bioremediation measures or other 
measures to remedy HC contamination identified, is 
shown in Figure 19 for further elaboration 
purposes.
Enclosure
References : page 1 to 20.
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A suggested flow chart for environmental audit and 
environmental risk management suggested with respect 
to the bioremediation measures or other measures to 
remedy any HC contamination identified: Figure 19
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Additional photographs to illustrate the principles 
and findings highlighted in this thesis.
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Appendix 2 :
Typical oil cycling process to illustrate the 
journey of the oils through the SRA electrical 
installations.
Transformer oils in 44 gallons drums.--> electrical
pumps/'->.
\/electrical installations <--  oil conservator
/-[e.g. transformer chamber]
\-> drain cock -> sent for purifying
in 44 gallons drums -- >.
{ Purified transformer oilsii! in 44 gallons drums.
/
returned < ----- 1
\1 New supply of transformer oilsii| in 44 gallons drums
(Note : This diagram is based on the information
obtained during a briefing discussion with 
the SRA District Electrical Engineer 
located at SRA Regent Park Office,
Mr. Warwick Jackson on 15 Sept., 1993)
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A typical point control system shown with some 
photographs, taken at the crossover road located 
near Redfern Railway Station, included as an 
illustration of oil leakage or spills involved 
in CityRai1 system; and the definition of a "point 
control system".
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photo. -- (Page 2).
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Bioremediation - Examples of past studies.
The treatment of "oil, grease and lubricant" 
through biodegradation for removal or minimization 
of the resultant environmental impacts is a topic 
that has attracted several researches in recent 
decades. The following papers are highlighted for 
illustration purpose:
(A) Authors : Messrs. Horowitz, A., and Atlas, R. M
of Department of Biology,
University of Louisville,
Louisville, Kentucky 40208.
In : (Oxley, Allsopp & Becker, 1980).
Title of the paper :
Microbial Seeding to Enhance 
Petroleum Hydrocarbon 
Biodegradation in Aquatic 
Arctic Ecosystems.
Bacteria culture used : ADA - M20 and ADA - M27
Materials biodegraded : Crude oil, gasoline and
fuel oil.
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Gustin, P., Miller, 0., 
Linkins, P., and Everett, K. 
of Department of Biology,
Virginia Polytechnic Institute, 
Blacksburg, Virginia;
(B) Authors : Messrs. Atlas, R. M., Sexstone, A.,
Department of Biology,
University of Louisville, 
Louisville, Kentucky 40208; and
Institute of Polar Studies,
Ohio State University,
Columbus, Ohio 43210.
In : (Oxley, Allsopp & Becker, 1980).
Title of the paper :
Biodegradation of Crude Oil 
by Tundra Soil Microorganisms.
Bacteria culture used : Pseudomonas,
Flavobacterium, Chromobacterium, 
Erwinia, Serratia and Vibrio.
Materials biodegraded : Several hydrocarbons, 
crude oil, gasoline and fuel oil.
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(C) Authors : Messrs. Smith, R. N., and Crook, B. 
of Microbiology Group,
The Hatfield Polytechnic,
Hatfield, Hertfordshire, UK.
In : (Oxley, Allsopp & Becker, 1980).
Title of the paper :
The Germination and Growth of 
Cladosporium Resinae in Fuel Oil. 
Bacteria culture used : Cladosporium resinae. 
Materials biodegraded : Fuel oil.
(D) Authors : Messrs. Hill, E. C., and Genner, C. 
of Microbiology Department,
University College, Cardiff, UK.
In : (Oxley, Allsopp & Becker, 1980).
Title of the paper :
Ecological and Functional Aspects 
of the Microbial Spoilage of 
Marine Engine Lubricants.
Bacteria culture used : Aspergillus fumigatus. 
Materials biodegraded : Marine engine
lubricant.
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Zyska, B. J., Zankowicz, L. P 
Wawrzyniak, E. M. & Terech, I 
of Central Mining Institute,
Katowice, Poland.
In : (Oxley, Allsopp & Becker, 1980).
Title of the paper :
Microbiological Deterioration of an 
Oil-In-Water Emulsion in Deep Mines 
and the Evaluation of Certain 
Microbiocides.
Bacteria culture used :-
(a) 14 bacteria species:- 
Pseudomonas spp., Pseudomonas aeruginosa, 
Alcaligenes sp., Citrobacter spp.,
Klebsiella pneumoniae,
Enterobacter cloacae var., Liquefaciens,
Hafnia spp., Proteus mirabilis, Aeromonas spp., 
Moraxella spp., Gram-positive Cocci, 
Endospore-forming rod, Streptomyces spp.; 
and
(b) 21 fungi species:-
Rhizopus nigricans, Chaetomium globosum,
(E) Authors : Messrs. Bohdanowicz-Murek, K.,
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(E) (Cont'd)
Geotrichum candidum, Candida albicans, 
Rhodotorula rubra, Cladosporium herbarum, 
Fusarium chlamydosporium, Fusarium oxysporum, 
Fusarium solani, Aspergillus flavus, 
Aspergillus niger, Aspergillus ruber, 
Aspergillus versicolor, Pénicillium citrinum, 
Pénicillium chrysogenum,
Pénicillium frequentans, Pénicillium notatum, 
Pénicillium spinulosum, Pénicillium variabile, 
Trichoderma viride, and Aiternaria tenuis.
Materials biodegraded :oil-in-water emulsion.
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senior lecturer of the 
University of Queensland.
In: (Handouts of the National Conference
on Environmenta1 Engineering.
Gold Coast, Queensland, 1992):
Title of the paper
Biofilm Treatment of Wastewater Containing
Polynuclear Aromatic Hydrocarbons.
Bacteria culture used : Acinetobacter,
Micrococcus sp., Aeromonas sp., 
Beijerinckia sp. and Pseudomonas sp.
Materials biodegraded : Some polynuclear
aromatic hydrocarbons especially
(F) Authors : Mr. R U Edgehill, R. U.
naphthalene.
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(G) Authors : Dr. Foght, J. M.
of Department of Microbiology, 
University of Alberta,
M330 Biology Building, Edmonton, 
Alberta, T6G 2E9 CANADA;
and Dr. D W S Westlake
of the Westec Microbes Ltd.,
3375 Anchorage Avenue, Victoria, 
British Columbia, V9C 1X4 CANADA
In: Spill Technology Newsletter 
V17(3), 1992.
Title of the paper : Biomediation of Oil
Spills.
Subject : "Bioenhancement" and "Bioaugmentation" 
for in situ pollutant biodegradation.
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Examples of physical and chemical treatment 
approaches (including water treatment) to remove 
oils and greases staining the ballast or entering 
the ground water resources or water courses.
The following water treatment processes elaborate 
what may be required if oils and greases enter the 
ground water resources, or are scoured down the 
ground with water, or are incorporated in leachate:-
(a) Removal of suspended solid particles with 
settlement tanks.
(b) Oil and greases are first filtered off by clay 
and may be further filtered off with activated 
carbon (Manaham, 1990); (Suffet and Mcguire, 
1980) which is a common filter material for 
advanced water treatment, especially for removal 
of biologically resistant (refractory) materials 
(Nemerow, 1978).
(c) The BOD caused by bacteria and algae can be 
killed by chlorination introduced by a 
chlorinator with an agent such as sulphur 
dioxide introduced with the same chlorinator 
for dechlorination. To be more cost effective,
Physical and chemical treatment approaches (Cont'd):
aeration can be used before and after the 
treatment to remove undesirable gases (e.g CO2 
and HzS), and volatile oils released by algae. 
Chlorine may also be used to reduce formation of 
colour and slime and to assist settlement. 
(Smethurst, 1979).
(d) Lime is commonly used as quicklime (CaO) which 
forms Ca(0H)2 when mixed with water. It is used 
to remove many impurities in wastewater and 
water (Vesilind, 1980) and is a good (comparable 
with NaOH, Na^COs & MgO) heavy metals scavenger 
(Fresenius and Schneider, 1988). Lime can also 
be used together with many coagulants for many 
other purposes (e.g., maintenance and adjustment 
of pH in water, maintenance of water alkalinity 
against precipitation of CaC03. Lime addition 
can also remove some COD compounds which may 
also be removed with the help of aeration 
process and settlement tank. However, if COD is 
high, some chemical analyses will be required to 
determine the actual sources and to treat the 
water accordingly. Based on the data published
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in the book, "Industrial Waste Water Management”, 
the following quantity of lime will be added for 
removal of some heavy metals (Fresenius and 
Schneider, 1988):-
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Metal ions Iron : Iron : Copper Zinc
to be
precipitated (Fe2*) : (Fe3~) : (Cu ) (Zn )
Lime (CaO) to 100 : 150 : 88 86
be added in
kg for
precipitation
of 100 kg of
metal ions.
(e) Alum is a coagulant which is very commonly used 
to treat water supplies for the municipal areas. 
It reacts with the hydroxyl ions to form some 
spongy gelatinous materials which bring 
suspension particles with them when they settle 
down. Hence, finely divided matters and most
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bacteria are removed by treating water with alum 
as required (Brown and LeMay, 1988).
(f) Pb will be removed by treating with the
precipitation process using starch xanthate or 
ferric chloride. As the latter is considered to 
be more widely used and would be more economic 
than the former, it would be more advisable for 
it to be adopted but addition of 0.1 M NaOH may 
be required so that pH of the mixture is 
maintained at a desirable level of 8.0. Ferric 
chloride or ferric sulphate or ferrous sulphate 
acts as a coagulant to treat water in a manner 
similar to alum. However, because ferric 
chloride is extremely corrosive while ferric 
sulphate is a relatively expensive product 
(Smethurst, 1979), it is not expected that they 
are used as widely as alum is used for water 
treatment. However, ferric sulphate is found to 
be particularly useful in decolourizing waters 
of low pH, removal of manganese at high pH, 
clarification of lime-soften water at very low
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temperature and reduction of silica in boiler 
feeds.
(g) Methanol is often used to provide a 
supplementary organic carbon substrate for 
biological denitrification (Bundgaard and 
Tholander, 1978). The rationale behind the 
requirement for denitrification is that some 
nitrogen compounds may become highly toxic 
after some treatment (e.g., bioremediation with 
nutrients addition). Nitrites reacts with human 
haemoglobin and pose some hazards to infants 
under 3 months of age (USEPA, 1976). This 
produces a symptom termed "blue baby" (Vesilind, 
1980. Sc Mattock, 1978.) arising from inadequate 
blood oxygenation in infants (Van De Graaff and 
Fox, 1989 ) .
(h) Nitrogen (N) / Phosphorus (P) may be released as 
nitrate / phosphate are biodegraded by soil 
microorganisms. N and P are necessary elements 
for biological stabilization of leachate from 
landfills or landfarming sites in which the 
leachate is decomposed into harmless materials.
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This guards adjacent soils and waters against 
contamination that arises when untreated 
leachate is brought to these waters with rain 
or ground water collected from their catchment 
areas (Nemerow, 1978 and Betts, 1991). This is 
also important if substantial bioremediation is 
to be used to remove oils and greases for which 
N and P are often required.
(i) Use of zeolites to remove the pollutants 
selectively from water may be considered where 
zeolites are regenerated simply by heat. Since 
zeolites are mostly natural minerals with a 
light colour, and the regeneration may be 
carried out under controlled conditions to 
remove any potential air pollution, this 
provides a promising solution in this respect 
(e.g., for removing PCBs) when this approach is 
fully developed with further research (Chorley, 
Crittenden, Kolaczkowski, 1991 and Dyer, 1988).
(j) Fine particles in water may need to be fixed by 
a coagulant such as alum or lime and are to be 
transformed into floes which can then be
Physical and chemical treatment approaches (Cont'd)
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filtered off.
The following treatment processes are examples of 
what may be required if oils and greases are to be 
destructed directly:-
(i) Incineration or wet combustion may be used to 
remove oils and greases, water treatment 
chemicals and the pollutants carried with them 
and to reduce these compounds to water, carbon 
dioxide and nontoxic inorganic matters through 
a combustion process. This combustion process 
can be carried out in the incinerator (Kuntze, 
1978) or while in wet (Nemerow, 1978) in that 
these compounds are oxidized by air flowing 
alongside with them at an elevated temperature 
and pressure which are maintained by energy 
generated from the combustion. Wet combustion 
have been further discussed inside the thesis.
(ii) Burying in landfills is another possible 
approach to get rid of oils and greases where 
the landfills are usually covered with some 
vegetation regrown on top of these landfills 
after they have been made up to the designed
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top level. This should however be used only 
when the contamination is too severe for any 
economical treatment.
(iii) Use of deep wells to contain the contamination 
materials may be considered when their 
contamination is too severe for any economical 
treatment. Materials severely contaminated with 
oils and greases (such as those described in the 
thesis) can be fed into deep wells. The 
Microorganisms present in soils within these 
wells should then assimilate them such that 
these oils and greases should hence be 
disintegrated eventually (Vesilind, 1980).
(iv) Dumping through deep ocean outfalls is often 
used for some intractable compounds which are 
conveyed to a discharge point and dumped under 
the high seas which is far away from the land 
shore. However, this is usually uneconomical for 
treatment of materials contaminated with
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ordinary oils and greases.
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Further discussions on direct treatment methods 
With incineration or wet combustion processes, 
polluting gases may be produced which need to be 
scrubbed suitably. For example, chlorine gas 
produced when chlorides are incinerated can be 
either recovered as hydrochloric acid with a 
hydrogen chloride scrubber or with the whole 
process carried out at high seas so that the 
resultant chlorine gas is assimilated by the 
immense buffering capacity of the sea water against 
any impacts of this gas (Kuntze, 1978). In case 
corrosive or toxic inorganic compounds are produced 
in the wet combustion of organic waste, the 
inorganic metal ions can be recovered from steam in 
a separate chamber (Nemerow, 1978) and the steam is 
then further treated with alum or lime or the like 
to precipitate these metal ions for final removal 
as discussed earlier in this appendix.
Some leachate arising from landfills may be 
contained by means of aeration (Vesilind, 1980) and 
recirculation of the leachate (Nemerow, 1978). 
Biological filter (Degre'mont, 1973) may also be
Physical and chemical treatment approaches (Cont'd)
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installed to assimilate some leachate. Since this 
is not a panacea in this respect, and problems of 
access will arise if old used mine tunnels are used 
for the landfills, these problems need to be solved 
wholistically which should be specific to the case 
involved.
Problems with deep wells can be solved in a manner 
similar to those for landfills. Careful site 
investigation is essential to locate these deep 
wells far away from ground water sources. Suitable 
seeding of microorganisms may help biodegrade the 
buried compounds and reduce the environmental 
impacts.
Deep ocean outfalls are not satisfactory solutions 
to disposal of contamination materials and is often 
not economical for materials contaminated with oils 
and greases identified in railway areas. It should 
be avoided as far as possible. In case they are used 
for economical reasons, they should be managed in a 
manner similar to that for the deep wells.
Note: The methods discussed in this appendix
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elaborate how some physical and chemical treatment 
approaches may be used under some specific 
circumstances (e.g., together with bioremediation 
processes discussed in the thesis). Specific methods 
recommended for the remediation of the oil and 
grease contamination problems highlighted are 
included in the main text of this thesis, which are 
not repeated here, and should not be replaced by 
these methods in general cases.
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Appendix 6 : Old model diesel train —  Description.
Photo of a type of old model train from the engines 
under the train bogie of which oils / greases drips 
will drop onto the "four foot" and the trackside 
areas very close to the rails of the train's 
dwelling location. Oil/grease drips are accumulated 
there to form very heavy, thick, dark black and 
continuous patches of oil stains on the ballast.
Appendix 6: Photos of a type of old model train.
List of abbreviations used in this thesis.
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This is to summarize the abbreviation used in this 
thesis for easy reference. They are placed 
according to the order of their appearance in the 
main text of this thesis.
1. Abbreviation : NSW.
Used in pages: 1, 4, 9, 25, 161 - 165.
Full name : New South Wales.
2. Abbreviation : SRA.
Used in pages: xiii, 1, 2, 9-11, 15, 25-27, 54,
71-73, 75, 77, 79, 81, 83, 85, 87 
89, 100-102, 111-114, 116, 135, 
139, 149, 150, 153, 154, 156, 157 
159, 161, 165, 166, 174.
Full name : State Rail Authority.
3. Abbreviation : HÇ.
Used in pages: 1, 32, 37, 63, 64, 105, 126, 127
134, 148, 150, 154-157, 159-162,
165, 175, 178-181.
Full name : Hydrocarbon(s).
4. Abbreviation : CityRail.
Used in pages: xiv, xvi, 1, 10-16, 21, 25, 28,
30, 31, 43, 52, 70, 72, 87, 89, 
91, 92, 97, 100, 104, 109, 127, 
130, 131, 138, 150-152, 155, 158, 
160, 165, 167, 171-173, 175, 176, 
178.
Full name : See the network diagram included in 
pages 12-14.
5. Abbreviation : thesis.
Used in pages: 2, 10, 70, 72, 80, 143.
Full name : This paper, being a master thesis to 
be submitted to the University of 
Wollongong; in partial filfilment of 
the requirements for the reward of 
the degree of MEnvSc (Hon)
6. Abbreviation : BTCE.
Used in pages: 3, 5-7.
Full name : Australian Bureau of Transport and 
Communications Economics.
7. Abbreviation : EMP.
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Used in pages: 10, 25, 166, 178, 179.
Full name : Environmental Management Plans.
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8. Abbreviation : HKMTRC.
Used in pages: 11, 25, 26, 49, 135, 148, 149, 153,
155, 178.
Full name : Hong Kong Mass Transit Railway 
Corporation.
9. Abbreviation : four foot.
Used in pages: 28, 75, 79, 92-97, 99, 103, 108,
140.
Full name : See pages 93 and 94 for full 
defination.
10. Abbreviation : UMB.
Used in pages: 47, 48.
Full name : ultramicrobacteria.
11. Abbreviation : DG.
Used in pages: 162 and bibliography page 1.
Full name : Dangerous Goods.
12. Abbreviation : EEMU.
Used in pages: xvi, 81, 82, 150-152, 156, 158,
177-179.
Full name : Environmental Engineering 
Management Unit of SRA.
13. Abbreviation : EPOC.
Used in pages: 153.
Full name : Engineering Document.
14. Abbreviation : HMC.
Used in pages: 33, 34, 60, 62, 65, 66.
Full name : Hornsby Maintenance Centre.
15. Abbreviation : IRJ.
Used in pages: 88, 141.
Full name : International Railway Journal.
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Appendix 8: Calculations for hypothetical nutrient
(Page 1) levels in the bioremediation samples.
(a) For leachate creation:
See section A (p. 59) and section B (p. 61) of 
experimental procedure in Chapter 2 for details 
115 gm fertilizer was added each time and was added 
twice. Therefore, nutrients added were as follows:- 
N: 7% x 115gm x 2 per 2000gm of soil 
=> N : soil = 0.81%
P: 4% x 115gm x 2 per 2000gm of soil 
=> P : soil = 0.46%
K: (4% + 6%) x 115gm x 2 per 2000gm of soil 
=> K : soil = 1.15%
Assuming oil and grease content in soil = 30/2000 
= 1.5% and hence C : soil was assumed to be 1.2%.
C :N = 1 : 0.68; C:P= 1 : 0.38; C:K= 1 : 0.96.
(b) For soil sample obtained at Area A :
See section C (pages 62-65) of experimental 
procedure in Chapter 2 for details.
No fertilizer was added. Average soil weight= 335gm
(c) For soil sample obtained at Area B :
See section C (pages 62-65) of experimental 
procedure in Chapter 2 for details.
16 gm liquid fertilizer was added each time and was
added twice per week. Average soil weight = 335gm. 
Therefore, nutrients added were as follows:- 
N: 2.6% x 16gm x 2 per 320gm of soil 
=> N : soil = 0.26%
P: 11.6% x 16gm x 2 per 320gm of soil 
=> P : soil = 1.16%
K: 25.8% x 16gm x 2 per 320gm of soil 
=> K : soil = 2.58%
23 gm solid fertilizer was also added each time and 
was added twice per week.
Average soil weight = 320gm.
Therefore, nutrients added were as follows:- 
N: 23% x 23gm x 2 per 320gm of soil 
=> N : soil = 3.31%
P: 4% x 23gm x 2 per 320gm of soil
=> P : soil = 0.58%
K: 18% x 23gm x 2 per 320gm of soil 
=> K : soil = 2.59%
Assuming oil and grease content in soil = 1% and 
hence, C : soil was assumed to be 0.8%.
C:N = 1 : 4.5; C:P= 1 : 2.2; C:K= 1 : 6.5.
(d) For soil sample obtained at Area C :
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See section D (pages 65-67) of experimental
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procedure in Chapter 2 for details.
26.9 gm liquid fertilizer was added each time and 
was added twice per week.
Average soil weight = 283gm.
Therefore, nutrients added were as follows:- 
N: 7% x 26.9gm x 2 per 283gm of soil 
=> N : soil = 1.33%
P: 4% x 26.9gm x 2 per 283gm of soil 
=> P : soil = 0.76%
K: 10% x26.9gm x 2 per 283gm of soil 
=> K : soil = 1.9%
Assuming C : soil was again to be 0.8%.
C:N = 1 : 1.7; C:P= 1 : 1.0; C:K= 1 : 2.4.
(e ) For soil sample obtained at Area D:
See section D (pages 65-67) of experimental 
procedure in Chapter 2 for details.
This was similar to the case for soil sample 
obtained at Area C except that the average weight 
= 268 gm. Therefore:-
C:N = 1 : 1.8; C:P = 1 : 1.1; C:K = 1 : 2.5.
Hence, the C : N : P ratio of 100 : 10 : 1 as 
suggested in the past studies (Westlake, 1993) was 
exceeded in all the samples, with the lowest being
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100 : 170 : 100 and the highest being 100: 450 : 220 
even though the assumed oil and grease content was 
already fairly high (1%, or 10000 ppm). This ratio 
(C : N : P) for the leachate sample was 
100 : 68 : 38 as the assumed oil and grease content 
was a little higher and at a level of 1.5%.
